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o f its publ ic:u ions. 

PRESIDE~TIAL .\DDRESS. 

(BY \VILLL;\,1 LESLIE.) 

I (eel my first duty to-night is to thank you for the high honor ,,·hich 
you have conferred upon me in electing me to be the President of the 
Institution. I would feel very much happier if I did not in some measure 
feel the great re ponsibility which is attached to the office. · 

We, who are re ident and practising our profession, on what, I might 
call, the engineering outpost of civilization, are omewhat differently 
situated from our confreres at home, and in older settled countries abroad, 
inasmuch as our time is so fu lly occupied in meeting the demands of con­
struction and maintenance, that little or none i left for experiment and 
research. 1'\or have we the advantage of a professorial staff, attached 
to any of our public institution , with whom we can confer on ahstract 
question . Under exi ting conditions we are frequently called upon to 
design, make accurate estimates of co t, and carry out new works , on 
modern lines, in li ttle more than the time whi ch would be allowed, in older 
countries, for full and complete investigation . · 
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aturally , under these conditions we have to depend a very great 
deal on the results which have been achieved elsewhere and which, fortu­
nately, the press and the postal service-themselves engineering triumphs 
- make available for us. 

That we have much higher day labour rates than any of the older 
settled countries- frequently double- that almost all our raw materials 
require to be imported, that the co ts of our fuel and general supplies are 
very much higher, are all factors requiring very careful consideration, 
which will materially affect our decision, before the adoption of any par­
ticular design or plan, which may have been succes fully carried out 
elsewhere under altogether different conditions. 

Notwithstanding these disturbing elements we are expected in many 
instances to carry out in the same or less time similar works, or works 
which will an wer a similar purpo e, for the same , or less, expense than 
tho e carried out under much more favourable conditions abroad. 

To enable u to do this, we require to keep ourselves in continual 
and closest touch with the doings of our brethren abroad, to study their 
difficultie , and how they ov rcame them, and to adapt and modify what 
is sui table for adoption to our own environment. 

It is true we are eldom able for the amount of money allowed to give 
works of the same permanence a tho e produced in older settled countries 
for the same cost, but, generally speaking, the higher returns from the 
works compensate for the horter life. 

Sometimes as in the case of the Goldfields Water upply Scheme, 
we have to step out a bit ahead to meet conditions which have not been 
met in other countries, but generally we are able to broadly follow what 
has been done before. 

It 1 ehoves me, therefor , to make this acknowledgement of the great 
services rendered to us here, both b r lh leading Engineering Institutions 
of th world which have kindly con ent cl to exchange Tran actions with 
us, and al o to the Engineering press for the full and complete descrip­
tions and drawings they generally give of any important engineering work 
carried out. Without the e, it would practically be impossible for us to 
design and build the works which thi ountry require and demands, 
and I take this opportunity of gratefully acknowledging the service. 

Th most modern text books a re generally found to b a few years 
behind actual practic , and n cessarily that i so, if the work is to cover a 
number of modern examples, but 1 believe no text book appeal to the 
Australian engineer like the matter published by the engineer who have 
actually been re ponsible for the design and carrying out of a particular 
work. 
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In his most interesting opening address last year, Past President 
J ames Thomson brought before you the main works which have been 
carried out in this tate from its inception, and I am hopeful that, before 
our present session is over, we shall have some of these works exhaustively 
dealt with. 

For to-night, I have thought it might interest you if I attempted a 
brief review of engineering progre s during the last decade. 

Looking out over the Engineering achievements of that period, 
there is much in regard to which we have had to make note. 

First and foremost there is that stupendous undertaking being carried 
out by the Ame1ican nation at Panama, the construction of the hip 
Canal. Probably, both because it is a national undertaking, and because 
the best brains of that ver atile nation have been retained to carry it to 
a successful conclusion, no work has hitherto been carried out in regard 
to which so much detail has been published respecting plans, methods, 
quantities and costs. 

In all its earlier stage , indeed until some time after a substantial 
commencement had b en made, this project wa the ubject of much 
adver e critici m both by those opposed to the Canal and tho e in favour 
of a sea level canal. As is not unusual, the loudest critic of the project 
were not engineers. Fortunately, the United tates Government acted 
on the advice of its profe sional ad vi er to construct a lock canal, and we 
are almost certain to see the work brought to a succes ful conclu ion 
within the present decade. Apart from its magnitude, this work is re­
markable for systemization of construction and for the amount of colla­
teral works, every branch of the profe sion of engineering being largely 
involved. 

When we read, that in rgog the lide on the ide of the excavation 
totalled round 4,000,000 cubic ) ards, and in rgro o er 2,ooo,ooo cubic 
yard , we begin to appreciate the difficulties of estimating and the nec­
essity for providing liberal sums for contingencies in our estimates. 

In regard to Harbour Works the increa ing dimension of team­
ships, during the decade, have led up to the nece ity for increa ed depths 
in navigation channels and Dock . Ten years ago, thirty feet in pro­
tected water was considered safe for anything. The equivalent of that 
to-d ay would be from 32 to 34 feet , an l at no distant date the demand of 
ship will require provi ion to be made, for at least 35 feet at low water. 

In a few days it i intend d that the gr atest shipbuilding triumph of 
the world, the White tar Liner " Olympic" will sail on her maiden 
voyag . It wa a fitting opening for the new \lexandria Graving Dock 
in Belfast that this gigantic essel should have been the first to enter the 
new dock last month , but it was ominous that while the width of the en-
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trance of the new dock is g6 feet, the ext reme beam of the " Olympic " 
is gz feet inches. The length of the " Olympic " i 88z feet 6 inches, 
with a r gister tonnage of 45,000 and a displacement of 66,ooo tons. 

Looking backwards for the last thirty years a nd comparing the con­
t empora ry liners engaged in the Altantic service with tho e engaged in 
the Aust ralian service, it will generally be found that the Atlantic liners 
of one decade are the Australian of the next in point of . ize. If the e 
comparison are not to be clisturl ed we kn ow what w hav got to look 
forward to. 

The rapid de\' lopment in ships has eau d many of the earlier dry 
docks in England to become obsol te, and the lowering of th cills, as well 
as the lengthen ing of some of the later ones, is a t present under considera­
tion. 

Their proved reliability, moderate ost, and rapiditv of onstruction 
have brought the . ect ional floatin g for m of drv dock to t he front, and 
quite a number suitable for ships of th largest tonn age have bee n built 
since 1900 fo r various owners including the Briti. h Admirality . 

The adaptability, strength, and mod rate cost of ferro-concrete con­
struction ha \·e been appreciated by t he harbour engineer, and numbers of 
deep water wharves and jetties ha ve l een co nstructed of this material. 
It will not stand the impetus fa ro,ooo ton steamship a ny better than a 
solid concrete or tone quay will do, but it is much cbeaper and requires 
little or no more for · maintenance. ln ou r own country where we have 
such splendid timbers as K arri and Jarrah suitable fo r uperstructures, 
it may be. that we can confin e ourselves to t hese for so me time to come, 
but I think eventually , as in the ea ·e of timber bridges having had to give 
way to steel, so will tim b r wharves have t o give wa 1 to ferro-concrete 
wharvE's. 

For p rmanent. sub-st ructures in sea wat r , no know n tim b r i .. nit­
ab le. St el corrodes quickly and cast iron is unreliable and eo tly. In 
ferro -concrete we have a reliabl mat rial which is comparatively cheap, 
which we can mould to ou r will , and if ord inary care is exerci eel in its con­
struction to protect the reinforcem nt from corrosion, one that will la t 
for generati on . 

In regard to R ailways the su bsti tu tion of electric traction for steam, 
for metropolitan and surburban t raffic, continues to mak low progress, 
douhll ss partly to the initial exp nse in connect ion \\·ith the provi ion 
of the ne\\" plant, and also the great changes acre ting the t ermin al ' but 
prin cipally 1 believe 011·ing t o th indifferent result ,,·h1 ch have been 
obtained from parti al co1w rsion . Experience appears t o indicate that 
li ttl or no econo m1· is obtain cl with a mixed en·ice, but, \Y her all the 
traf'hc, including o·o~ods, on the section is operated electrically. the results 
are much better than ,,·ith . t am. 
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A notable feature of railway construction was the completion of the 
Transandine Summit Tunnel connecting the railway sy tems of the Argen­
tine R epublic and Chili. This tunnel is 9,935 { et long and the formation 
level at the entrance, on the Chilian side, is at 10,481 feet elevation leveL 
Although the work was commenced in 1906 at both end , it wa. not until 
1908 that it began to he prosecut d with vigor. Both drives met in 
November 1909. It i. worthy of note the difierence in level at the meet­
ing was only three quart rs oJ one inch, and the difierenc in line only 
two and three quarters inches. The actual chainage was only about 
3 feet ro inches le. than the calculated chainage. 

In \Vaterworks, the c nservation of streams proceed apace all over 
the world, particular!? for irrigation purposes. 

A notabl work o( this cla s, at present un ler construction, to which 
I would like to refer, i the construction o( the Barren Jack Dam in 1'ew 

outh \Vales. This is a curved dam 7 -+ feet long on the rest, and 240 
feet in height with a capacity of about 33,3 o million cubic fe t. When 
the dam i fu ll to the crest the wat r will I e backed up for some forty 
miles. When completed it is expe ted the eo. t per acre foot of water 
stored. will be amongst the lowe t on record, always excepting the Roose­
velt Dam in America. 

I would like here to urge upon our own Go\ ernment, the immediate 
nece sity (or prompt action in re pect to the r sumption of land already 
alienated on riv r. where con ervation of water may be practicable, and 
also the non-alienation of simil ar lands at present in posses ion of the 

tate. 1 would li ke al to urge upon them t he nece sity for a better and 
a much more lil era! water supply for the iVIetropolitan District of Perth. 

[t is als v ry d sirable that our very meagre knowledg of th ar­
tesian and ub-arte ·ian suppli o( wate r in our agricultural district , 
shou ld b upplemented by systematic boring, un ler a plan to b for­
mulat d by th Government G ol gist. R liable information as to the pre 
sence o[ water, its quality and its level would prov an ine timabl boon 
to settlers in ~ncouraging and guiding them to augment th ir upplies. 

In regard to ewerage, th Septic Tank sy tem has been on fair trial 
in England, on the Eur [ an ontinent, and in America during the de­
cade. The ve rd i t migllt be summed up in two words "not prov n." 

om citi es r po rt a moderate sue e s and oth rs a moderate failure . The 
differenc s in the design f the tanks, and in th quality qf the sewage 
entering them, make co mparisons extremely difficult . One point I be­
lie\·e i proved, that i , that th tanks in the larger installation r quire 
cleaning out mu h mor frequently than had been expected from the re­
sult achieved wit h the ·maller ones. 
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Turning to the technical ide, the record of the decade shows some 
notable advances, particularly in the development of the team Turbine" 
and the Ga Engine. 

It was only in the latter nineties that the Hon. C. A. Parsons built 
the experimental Turbine teamer " Turbinia" and it was in eptember, 
I899 that the first Turbine teamer, the " Viper," wa launched for the 
British Government. By I907 the two large Cunarders " Lu itania " 
and " Mauretania" were equipped with steam turbines, driving quad­
ruple screw , and approximating JO,ooo h.p. in each ship. 

For land work, th<! progress has been almost equally great and during 
the fir t half of the decade, turbine aggregating considerably over 3,000-

ooo h. p. had been put to work, in units ranging up to over 8,ooo h. p. 

particular feature of steam turbine development has been that of 
the exhaust team Turbine. Where any considerable amount of ex­
haust steam is available from reciprocating t eam engines, coupled with 
a copiou upply of circulating water for the condenser, the waste can be 
converted into useful electric energy at a maximum cost of production 
of something under one fart hing per unit, generally even lower than that 
figure and fr quently saving the cost of additional boiler power. 

In no branch of mechanical engineering has greater progress been 
made than in the development of Oil and Gas Engine and Gas Producers. 
The economy in working of internal combustion engines has been adm itted 
f~·om their inception, but until the beginning of the pre ent century the 
s1zes of the units were comparatively small , owing to difficulties of con­
struction. At the Paris Exhibition in Igoo, a 6oo B.H.P. Gas Engine 
was exhibited, which was considered a great step in advance. 

Later experience, bringing with it a better understandina of the 
h~at tres es et up in the cylinder, a well as the working tre ses, has 
elimmat cl all the earlier weaknesses, until at the present time Gas 
Engines of I ,ooo to I ,500 h. p. with one cylinder are not uncommon. 

It i to the development of the internal combu tion ngine that we 
ow the Motor Boat, the Motor ar , the Aeroplane. High rotative speeds 
and improved materials have made it possible to get engines weighing 
about four or five lbs. per h.p. In the case of the Gnome engine, I think 
it is about 3! lbs. per horse power. 

It wa recently announced that an 8,ooo ton cargo teamer i at pre­
sent building for the Hamburg-American line, which is being fitted with 
two set s o{ internal combustion engines of the Diesel type, each set being 
I ,soo h.p. 

In gas producers, the unit size is now up to I ,ooo h.p. , and the elu­
tion of the problem of the use of bituminous fuels in gas producers is prac-
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tically accomplished. In the adoption of gas engines an important con­
sideration appears to be the production of bye-product in the form of 
sulphate of ammonia. Plants have been at work for some years past 
where the proceeds from the sale of sulphate of ammonia produced have 
nearly paid for the whole of the fuel. The cost of the recovery plant is, 
however, an important item. It appears to be an accepted factor that 
the total power of the producers must be in the neighbourhood of z,ooo 
h.p. with a good load factor to justify the installation of an ammonia re­
covery plant with a Gas producer plant . 

In r gor, on the initiative of the Institution of the Civil Engineers, 
The Institution of Mechanical E ngineers, the Institution of Iaval rchi­
tects and the Iron and teel Institute, a co mmittee was formed to take 
into consideration the advisability of formulating some standards for iron 
and steel sections. It had for many years previously been recognised 
that the number of sections in use had grown much beyond all necessity. 
The committee reported favourably on the propo al, and an Engineering 

tandards Committee, representative of these four Institutions and the 
manufacturers, was appointed under the Chairinan hip of the Institution 
of Civil Engineers. It was found that the diversity of ections, and also 
of specifications in u e, were t he cause of considerably increased cost of 
production without any corre pending advantages, and that the manu­
facturers had to considerably limit their stocks for immediate delivery, 
manufacturing a they were fo r so many purchasers with different views. 
As a con equenc , orders were regularly placed for large quantities of 
foreign manufactured sections, where tock deliverie were required. 

As the work of standardization proceeded, its necessity, and the nee­
e sity for extending it, became more and m re apparent. The eo-opera­
tion of the [nstitution of Electrical Engineers was invited, and some 
eight ectional Committ e are now workino- under t he General Com­
mittee. The work undertaken to date includes the standardization of 
section and te ts fo r materials used in hip Building, Bridges and Build­
ing Constructio n, also of R ailway and Tram\vay R ail , Locomotives and 
R ailway R olling tock, crew Threads and Limit Gauges, Pipe Flanges, 
Portland ement, Cast Iron Pipes and Electrical Plant. The ectional 
Committee are all under the Chairmanship of an expert, and, before 
fina1 adoption, all their recommendations are subject to the review of 
the General Committee. 

ln rgoz the Home Government nominated ngine rs for the various 
co mmittees and contributed ub tantial finan cial a sistance. The ser­
v ices of the National Physical Laboratory have been freely rendered 
both in inve tigations a nd in verification of th British Standard tem­
plates and gauges. Various sets of standard gauges have been deposited 
at the Laboratory and are available for manufacturers throughout the 
country fo r the purpose of checking their working gauges. In 1907 
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about six and a half millions of tons of steel were produced in Great Britain, 
the greater part of which was rolled into sections and plates to which the 
standards and templates have reference. 

In regard to rails, where the British Standard has been adopted, 
it is now one of th e simplest commercial operations to purchase the best 
rails-either railway or tramway- with all the assurance that the quality 
and sect ion vvill be correct. vVhen the committee commenced its work 
there were in existence over seventy different sections of tramway rails 
in England alone. These have now been reduced to five with their cor­
responding sections for use in curves. 

Jot the least valuable work of the Committee h as been the standard­
ization of pipe threads. Hitherto considerable difficulty has been ex­
perienced abroad with the variation in the threads on different makers• 
tubes. It is agreeable to know that in t he fu ture one will be able to re­
ject tubes which are not screwed to the British Standard. 

From the Standardization of sections, the work has developed into 
the standa rdization of machines, and at least five distinct locomotives 
have been standardized fo i· the Indian Government , leading to a very con­
siderable cheapening in the cost of production. It i. t o be hoped that 
the standardization of machines will be proceeded with, only with the 
utmo t caution. as being a dangerous bar to further progress in a stand­
ardized machine. Standardization and interchangeability of parts in all 
machine , certainly, but not standardization with the limitation of design, 
unless it is to be conceded that we have reached the limits of our ingenu­
ity on any standardized machine, because, if fo reigners can improYe on 
our standard we must then abandon its manufacture or alter the st andard. 

The introduction of high SJ eed tools during the decade has revolu­
tionized machine tool design and the adoption of th e new tool has led to 
a considerable cheapening in the cost of production with the ability to 
pay higher wages. 

The main features in th e new tools are, th ability to take heavy 
cuts at high speeds and the facility with which the feed. and speeds can 
be changed. It was continually found with the older style of tools that 
where a workman was employed operating a machine tool on work re­
quiring light and heavy cuts at varying speeds and feeds the changing 
of the speeds and feeds by the cumbersome methods of belt cone was ne· 
glect ed and con equently the light cuts were frequ ently taken out with the 
same speeds and feeds, thus wasting con. iderable time. In the ne\Yer 
machines this has been remedied by the in t roduction of speed and feed 
gear box , by which any range of speed and feed can be instantaneously 
obtained by the simple pulling of a lever. A bout the beginnin g of the 
decade the old system of having long parallel lines of shafting driven by 
one main steam engin e began to be abandoned in favour of a system ot 
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grouping the machines and driving each group from one line shaft with 
an electric motor of constant speed. This was a great improvement on 
the older method but grouping is only resorted to now in the case of the 
smaller machines. All the larger tools being driven by separate motors 
attached to the machines. When required the motors are constructed of 
t he variable speed type. Amongst the advantages of the independent 
drive are, increase in output due to the decrease of friction, the ability to 
vvork the tool up to its limit conveniently, and an improvement in the 
quality of production due to the steadier running. There is also the ad­
vantage that overtime can be worked on one particular machine without 
requiring to run the whole shop shafting. 

The question of extensions of plant and positions fo r placing mac­
hine in the shop is much more easily determined with the adoption of 
the separate drive. 

It is perhape a p.opular belief that high speed tool steels are very much 
harder than carbon tool steels. I believe that such i. not the case. They 
are freq uently not so hard but thev have the quality of retaining their 
hardness and tenacity at the temperature of a dull red colour whereas the 
carbon steels become brittle when hard, and lose their temperature long 
before they reach a dull red colour. 

Before I conclude I would like to make some reference to the educa­
tion and training of apprentice . It is admitted now, I believe, that dur­
ing the last twenty years or more the same care to give a practical t raining 
has not been maintained, as was the case previous to the introduction 
of so much machine and template work. The scope of the apprentice was 
narrowed in the largest works and . the extraordinary growth of large 
works had in a great measure eliminated the smaller works where the 
training and experience given was more varied and useful to a young man. 
Technical t raining wa only for the few, and the choice of men for the 
leading positions wa limited accordingly. Fortunately this has all been 
changed and teclmical colleges and schools are now brought within 
reach of the poorest at all the principal centres. Even in our State our 
Technical Schools are doing good work which we must recognise. 

It is not of course to be contended that an engineer can be trained in 
a technical college or school alone, but he can be taught a full acquaintance 
with the materials with which he is called upon to work, and also the 
elements of de ign, quite suffi cient to give him that interest in his pro­
fession which will carry him far if be is ambitious and resolute in his 
determination to succeed. 
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In opening this, the second session of our Institution, I can confi­
dently express the hope, because I have the confidence, that it will be 
fruitful of good work to us all. It is true in a small community like ours 
with its limited scope, we cannot hope to produce engineering giants of 
world wide reputation. It may be true that our modest attainments may 
not always meet with that recognition and deference which we our elves 
consider to be their due, it may also be true that each of us may believe 
that we are capable of doing something very much better and greater 
than that which falls within the scope of our daily duties, but a uredly 
it is true that the best evidence of a man's capacity for doing better work 
is ever the way in which he does the work which lieth at his hand. 



SOME GEOLOGICAL CONSIDERATIONS 

AFFECT! G 

THE ARTE IAN WATER SUPPLY OF WESTERN AU TRALIA. 

(BY A. GIBB MAITLAND*) 

In addre sing t he Western Australian Institute of Engineers, I am 
painfully conscious of t he circumstance that, although professionally 
trained as an Engineer, my acquaintance with the subj ect i in the main 
theoretical. However this may be, ome of my multifarious investiga­
tions carried out over a period of nearly a quarter of a century, have been 
in a field, in which some members of my profession attempt to blend the 
science of geology, with the mechanical art of engineering; viz.-the 
subj ect of artesian water, which is of such vital im portance t o a country 
of the geographical configuration of Australia. 

As you all know the investigation of ubterannean waters is a speci­
alised branch of geology, known as hydrology, and for a correct under­
standing thereof requires a more or less detailed geological survey. es­
pecially of the sedimentary rocks. 

The artesian water supplies are possibly in the districts in which 
they are known to occur, one of \ iVestern Australia' most valuable assets. 
To the engineer, therefore, nothing is of more fundamental importance 
than a thorough understanding of the geological conditions under which 
artesian water occurs. The first st ep in connection with the utilisation 
and conservation of the artesian water re ources of the tate is the deter­
mination of the areas in vvhich the supplies occur, and their extent ; here 
it is that the purely geological considerations which govern the situation 
are ncountered. At the same time, a summary of the geological con­
diti on affecting the artesian water supplies of Western Australia can 
give no more than the bare t outline, for it is merely po sible for me to 
touch the fringe of the subj ect within the limits of the time at my di -
posal. 

The known geological for mations of the State consist of three dis­
tinct groups , viz:-

1. The Crystalline, chistose and Metamorphic Rocks of Pre­
cambrian and possibly Archaean Age, which according to the 
present stat e of our knowledge occupy full y one half of the 
superficial extent of the State. 

'"Govern men t Geolog i,t , \ Veste rn Australia . 

I l 
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11. The edimentary Beds, ·which range vvith many blanks from 
the Cambrian to the most recen t and 

111. The Volcanic Rocks which are so largely developed in the 
northern portion of \Vestern Australia. 

lt i , however, the Sedimenta ry Rocks that are of any value from 
the point of view of artesian water. 

The results of boring operation in the State have reveal ed the fact 
that the bulk of the artesian water supplies are drawn from Carboniferous 
and retaceous trata, to which may be added the yield from what are 
believed to be Tertiary and Rec nt Beds. Artesian water ha not only been 
searched for where it was likely, as well as (under prote t) , in one case, in 
granite, where it was impo sible. 

In the year r885, 1r. E. T. Hardman, who at that time occupied the 
post of Government Geologist, in an official report dealt very fully with 
the question of supplying the city of Per:th with artesian water , and after 
describing the principles of the construction of artesian well , and the 
local geological c nditions, concluded that it would be hopele s to expect 
an overflowing upjly of wat r anywhere in the M tropolitan area. 
The conclu. ion is the only on which could be legitimately arrived at 
so long a it was a sumed that the water carrying strata must be arranged 
in the form of one of those fanciful ba ins, ction of which have done 
duty fo r many years in geological manual·. Recent ob ervation have 
shewn that this condition rarely obtains in nature, and that in all the 
important artesian areas, the porou beds are so arranged that there is 
only one side of a synclinal trough present and the imprisoned water ha 
abundant faciliti s for esca1 e at a much lower level than that at >vvhich 
it is r ceived. 

Before going much further into the subject it will be necessary to 
answer the two que tions, viz.-What is artesian water? and, What are 
the condition which govern its occurrence ? 

Artesian water then may be defined a that portion of underground 
water which i confined in the earth 's crust at a lower level than its static 
head, and which will rise if encountered by a ·well, or other natural or 
artificial opening, affording an outlet. 

Briefly and generally it may be said, that the conditions which 
govern the occurence of art ian water are a follow :-

r. There must be a continuous stratum sufficiently porous to 
ab orb and transmit water. . . · · 

2. There must be less porou. or relatively impervious beds so 
situated that they confine the water so collected. 
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3· The altitude of the underground water at the source must be 
high enough above the surface of the well or bore-hole to com­
pensate for the lo. s of head clue to frictional res'istance and 
leakage, and 

4· The rainfall in the region of the outcrop must be ample, and 
that portion which enters the porou st ratum mu t be uffi­
cient to en ue a teacly and abundant upply of water to the 
well or outlet. 

Th abov fundamental conditi ons ar simpl and ea ily under­
stood, though it is only fair to ad l that in actual practice, they ar very 

ften a ociatecl vvith compli cated problems. 

Western u tralia po ses e a large tract of country, which geolo­
gical inve tigations, coupled with actual boring operation , haYe been shewn 
to be arte ian water-bearing. \.rtesian water ha been found in the 
Eucla, South-Vi' est, North-We t and l~imberley Divi ions, and as ach of 
these di tri ct pre ent somewhat differ nt geoloaical characteri tics, it 
will be convenient to de crib each parately, and th reafter l al with 
certain broad questions which naturally ari s in connection ther with. 

EuCLA Drv1 ION . 

A glan ce at any geological map of Au. trali a shews an enormous 
expanse of R ecent and Tertiary trata ent ring \\'e tern Au tralia on 
its ea tern frontier, in the l\'ullabor Plain , and extendjng without any 
interruption as far as Isra lite Bay. These trata con si t of Ji mestones 
associated with beds into which the rain fall is rapidly absorbed, and 
ome of its d ischarged seawards in the form of fre hwater springs. Where 

these strata have been pierced on the outh Australi an side of th frontier 
the section invariably hows from 300 feet to soo feet of ancly water­
bearing beds, of undetermined age, . cov red by a variable thickness of 
calcareou trata of both Older and Newer T rtiary age. The bed have 
a prevailing dip toward th e Great Au tra]jan Bight and water ri s in 
the bore-holes to a height equal t o that of the sea level. The whole area 
of the e beds in the outhern portion of West ern Au. tralia has been 
shewn, by actual boring operations to be more or 1 ss artesian water­
carrying. Experimental boring operations were commenced by the 
Government at Madura, and a depth of 2,014 feet attained. The site of 
this bore lies about rro feet above sea-level, at the Hampton Range, 
distant about 30 chain from the face of the escarpment , vvhich i 350 
feet in height. According to the core , it a1 pears that thi. bore pierced 
about 903 feet of limestone, The Eucla Limestone of Eocene Tertiary Age, 
beneath which were hales with occasional bands of dolomitic limestone. 
The bore did not however, pierce the floor of crystalline rocks upon which 
these beds re t. At a depth of 1 ,979 feet an overflowing supply of water 
at the rate of 1,000 gallons per diem, was encountered, whilst at a depth 
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of 2,041 feet, a further supply was tapped, which issued from a standpipe 
two feet above the surface at the rate of 5,700 gallons per diem. The 
borehole, however, did not pierce the whole thickness of the water-bearing 
beds, hence it is likely that if operations had been continued, a much 
more generous flow would have been obtained. A second bore at an 
altitude of about 300 feet above the level of No. r, was put down at a spot 
30 miles north of Madura, and carried down to a depth of 430 feet in the 
E ucla Limestone ; this bore did not penetrate the underlying shales and 
sandy beds, and, of course, afiorded no material information. The third 
bore was situated at the 337 miles 6r chains peg along the surveyed route 
of the Western Union Railway, at an altitude of 576 feet above ea-level. 
The bore hole was carried down to a depth of 1,372 feet, and passed 
through:-

Eucla Limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 603 feet 
Shales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 667 , 
Fine and coarse sand with hard bands and granite 

boulders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 
Granite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

A would have been expect cl the results of this boring indicate that 
the beds are getting very much thinner as the inner margin of the Basin 
is approached. The E ucla Limestone having dwindled from 903 to 603 
feet, wh ilst the underlying shal s diminished from 1,138 to 667 fee t. 
The first , or southernmost bore wa not carried deep enough t o pierce 
the sandy beds beneath the hales, hence there is no evidence available 
for comparison with their thickness in this section. The cores fro m 
No. 3 bore contained a eries of fossil , which were submitted to Mr. 
R. Etheridge, of the Australian Museum, who acts as H on. Consulting 
Palaeontologi t to our Department . This gentleman reported that the 
bed beneath the Eucla Limestone, in Io. 3 bore contain two of the most 
characteristic fo ils A ucetla J-lughenden t·s and }.![ ac Coyella C01'biensis 
found in the Lower Cretaceous strata of outh Australia and Queensland, 
which, as you are aware form the artesian water horizons of what may be 
conveniently called the Great Australian Basin. There is little doubt 
that the strata pierced in · o. 3 bor are the equivalents of the R olling 
Downs Beds as developed in Eastern Australia. In this bore sub-artesian 
water was met with in the sandy beds at the base of the formation , and 
rose to a height of 420 feet from the surface. 

In the year rgo8, Mr. C. G. Gibson, Assistant Geologist, devoted four 
months to an investigation of the geological features of a portion of the 
country lying along the route of the West ern Union Railway, and the tra­
verses this officer made enables the eastern boundary of the basin to be 
defined with a near approach to accuracy. The geological structure of 
the plateau indicat es, that the sandy water-carrying bed below the 
Eucla Lime tone do not outcrop near the margin of the basin, but impinge 
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directly on the older granitic and crystalline rocks, which are concealed 
from view. The sandy beds receive the larger portion of the vvater along 
this junction , wh ich to the north must reach a fairly high average eleva­
tion. The catchment area of the E ucla Plateau (Premier Downs) is along 
the northern and eastern edge of the crystalline rocks ; t his, which sends 
all its drainage on to the plateau conveys the rainfall directly to the porous 
beds along the out er run of the area. There are no rivers on this lime­
stone plateau, which is the largest in Australia, hence all the water which 
falls theron, other t h an lost by evaporation is available for absorption by 
the strata upon which it falls. Jo estimates appear yet to have been 
made which enable the amoun t of water ab orbed by the rocks of this 
plateau ; that such must I think be considerable, seems to be evidenced 
by the fact that the plateau is not drained by any river , which would 
carry ofi a certain portion of the rainfall , and that it lies within the ro to 
rs inches rainfall belt. 

OUTH-WESTERN DIVI SION. 

The most important portion of this division, when viewed in the 
light of t he occurrence of artesian water, is what is known as the Coastal 
Plain, which practically extend from Lats 29° to 33° south. This plain 
is in reality a fri nge of strata around the coast, and in certain localiti es 
its inner margin reaches an altitude of 6oo feet above sea level. It is from 
the strat a underlying the Coastal P lains that supplies of artesian water 
have been obtained. 

The Tertiary Rocks of the Coastal Plain consist fo r the most part 
of partially consolidated shallow water deposits, which were laid down 
during the various periods of elevation and depression to which this plain 
would appear to have been subjected. These strata consist of sandstones, 
conglomerates, and thin shales, with occasionally incoherent sands and 
calcareous clays (? marls), in addition to ordin ary river alluvium, r aised 
beaches, and aeoli an drifts, which latter are in places partially consoli­
dated by the action of rain water. In the neighbourhood of Bun bury, 
these strata are as ociated with beds of basaltic lavas. The Mesozoic 
Rocks of the Coastal Plain consist chiefl y of shales, sandstones, conglo­
merates , and limestones, lying horizontally upon the older crystalline and 
Palaeozoic Rocks. These Mesozoic Beds occupy a considerable area of the 
surface to the northward of Perth, and are in many cases met with in the 
strata beneath the Tertiaries during the course of boring operations. 

Most of these beds exposed at the surface are of J urassic Age, as 
determin ed by their plant r mains ; they are een to rest with a violent 
unconformity on the Carbonifero.u Rocks of t he Irwin River Valley . 

o estim ate can as yet be m ade of the thickne s of these beds ; they have, 
however, been pierced by four bores in the Cham pion Bay District, the 
deepest being at Dongarra. The bore attained a depth of 2,rrr feet when 
operations were stopped, owing to the capabilities of the boring plant 
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being exhausted, ,,·ithout the base of the Jura sic R ocks baYing been 
reached ; there are thus over z,ooo feet of the ·e beds in this locality. 
These J urassic beds probably extend northwards, for in the deep bore at 
P elican Hill , to which reference, will be made later on , strat a high up in 
the Mesozoic series have been recognised between I ,zoo and 1,500 feet. 
The importance of these J urassic Rocks i rom t he hydrological st andpoint 

. is their general permeabi li ty, whi ch lends itself to the absorption and 
transmi sion of large quantities of ·water , whilst the great thickness of the 
formation gives it a large st orage capacity. 

The J urassic Beds are overlaid to the north of Gin gin by white, 
chalky limestone which passes downwards into a greenish giauconitic 
mar], resting n a clayey rock, ·which in all probability represents a clay­
sh ale . The organic remains of the Gingin beds indicates the geological 
ages of the fo rmations to be ( retaceous, which forms the principal artesian 
·water-bearing horizon as developed in Queensland. This chalky limestone 
while on the \\'hol highly absorbent, _eems only t o permit water passing 
t hrou1=, h it s ma · very paringly . 

1 here seem Yery good grounds fo r believing that these beds are 
arranged in a series of fo ld of such a nature as might be expected to bring 
t hem near the sur face at some points beneath the Coa tal Plain , within 
t he Metlopolitan area. ln some of the st rat a pierced by the boreholes 
in t l1 e city, fossils have been detected which indicate the presence of Lower 
Cretaceous Strata. Atten tion may be drawn in thi connection to the 
fact t hat in the bores put dovvn on the R oyal Agricultural Show Ground, 
and the H ospital for the Insane at Claremont , a considerable th ickness of 
solid cry t alhne limestone a8sociated with glau conitic sands or sandstones 
was encoun tered. These beds are in all probabili ty representatives of 
the Cretaceous beds, though on a lower horizon than t hose developed at 
Gin Gin. The important point s, ho\\·eyer, in connection with these dis­
coveri s, lies in t he fact t hat , were boring operati ons carried down t o 
greater depths beneath the Metrop litan area, it is highly probable that 
the water-beari ng Jur assic beds \l'hi ch are kn own to un derli e the Cret a­
ceous H. ocks would be encountered . 

vVhether the \Yater obtained from such deeper sources would be 
likely to be chemically purer than that drawn from the present bores is 
one of those questions t o whi ch a defini te an wer can hardly be given . 
The water whi ch percolates beneath the surface dissolves t he soluble con­
stitu tents of the tra ta to an ext ent which appear t o be in some measure 
dependent on the compositi on of t he rock it traverses, the depth, and t he 
time it remains confined. As a rule arte'sian water seem t o be les chemi­
call y pure than urface waters, for the reason th at the further they pene­
trate the longer they remai n embedded in the strata, t he greater are the 
opportunit ies for solution. 



ON THE ARTESIA:K WATE R SU PPLY OF W .A . 

P eriodical chemical analyses of bore waters would throw a great deal 
-of light on this aspect. 

The fi rst water that is drawn from an artesian well is naturally that 
~wh i ch has been for a long time wi thout any other means of escape, except 
the slow method of fl ow through the st ratum in which it is confined. 
After the first draft upon t he accumulated supply the amount which can 
be t aken afterwards is governed by the rate at which the water can t ravel 
to the well from eYer-widening limits, and as such presumably would 
t raYel le s slowly t hrough the rock , it would be less likely t o be so highly 
impregnated with impurities. Such conditions prevailing it would 
pn'l'ntl facie appear tha t with a const ant draft on the ·upply t here would 
be a tendency t o 1 ss mineralisat ion , but \vhether the possible reduction 
would be of practical consequence is a matter of chemical investigation. 
\i\'here water falls on and is absorbed by qu artzo e sandstones and allied 
rocks , and again reaches the surface without coming in cont act with cal­
careous beds, such \vould naturally be expected t o be relatively free from 
mineral impurities. 

The Coast al Plain in t he vicin it y of Bu nbury has been t he cene of 
boring operations and artesian water obtained at shallow depths. 

outhward from P oint Casuarina and to tl e west of the t own of Bun­
bury is a narro\\" frin ge of basalti c lava, risin g from beneath the sea-level, 
bu t forming no conspicuous elevation. To t he Basalt succeeds a long 
irregular line of sand dunes, upon t he highest poin t of which, lVIarlston 
Hill , the light house is placed ; by fa r the larger portion of .Bunbury, how­
e \·er , is built upon an extensive alluvial fl at, the surface of which is raised 
b ut little above high \\·ater mark. F our bores have been put clown in t he 
Muni cipality . 1\o. r bore at the east end of Stephen Stree t , and about 
h alf a mile \\·est of the out crop of t he basaltic lava, \Yas carried down to 
a depth of 30 feet. The drill entered t he basalt after passing th rough 
t en feet of uperficial deposit , and was carried do\\"n t hrough it for a 
further cli t ance of 20 feet , when operations were abandoned. The sec­
tion in the b ore at the Bunbury Brewery, below lVIarlston Hill, bowed 
the basalt to be in t he form of a bed, which in this instance proved to be 
97 feet thick , resting on clay, though boring operations were not carried 
deep enough t o show whether the clay was a t hin layer dividing t wo indi­
vidual lava flows, or was the floor upon \vhich the basalt was laid down. 
During the last r o or r 2 years a good deal of boring ha been carried out 
in the beds underlying the Coastal Plain in the Cha mpion Bay District . 
There have been in all six fairly deep bores, the deepest being at Dongara, 
which had been carried down to a depth of 2, rrr feet. Thi bore passed 
through 95 feet of calcareous . trat a belonging t o the Coast al Limestone 

eries , and then penet rated over 2,ooo feet of what are believed to be 
strat a of Ju rassic Age. T he beds con ist chiefl y of sandston es, many beds 
of which are of except ional porosit y . At a depth of 149 feet water was 
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met with in a bed of sandstone and stood at 17 feet from the surface ; 
on further boring to a depth of 935 feet the water rose to within 2 feet 
6 inches of the surface, and when operations had reached 1,023 feet , in a 
coarse, grey sandstone, the water rose to the surface. The first overflow­
ing supply, however, was encountered in a micaceous sandstone at a depth 
of 1,260 feet, the yield being 128 gallons per hour. This flow increased 
to 240 gallons, at a depth of 1,327 feet, the water issuing from a bed of 
micaceous sandstone. A supply of fresh water flovving at the rate of 
3,6oo gallons per hour , was met with in a mi caceous shale at 1,384 feet ; 
its temperature was g8o Fah. , and it rose to 22 feet above the surface. 

alt water was met with at 1,478 feet, and at 2,I II feet above the surface, 
the yield was 216,ooo gallons per di em, the temperature being 104 degrees F. 

The bore ran for four years, when it is stated to have become choked 
by rubbi sh . This very important bore did not reach bed-rock, owing 
to the capabiliti es of the boring plant being exhausted. Boring opera­
tions were continued 8 miles to the eastward at Yardarino, and when this 
bore hole attained a depth of r ,607 feet it became impossible for it to be 
deepened . This bore, however , yielded a supply of artesian water which 
overflowed at the rate of s8g,ooo gallons per diem from a bed of sandstone 
r 66 feet thi ck , penetrated at a depth of 1,441 feet. The flow from this 
bore, however , was not maintained, and after a few years the water level 
had been lowered to such an ext ent, that by putting in a line of pipes in 
the bed of the river, about r6 feet below the mouth of the bore hole, a 
good supply of stock wat er was obtained. 

The geological structure of this portion of the Coastal Plain shows 
that the strata are arranged in the form of a truncated basin as is nearly 
always the case in most important artesian water areas. 

THE NORTH-WEST DIVI SION. 

A considerable portion of what may for convenience be called the 
Coastal area of thi s Division is of considerable importance, economi cally, 
by reason of the fact that a1 tesian water has been found to occur over a 
very wide area, and in consequence of the di scovery of which the stock­
carrying capacity of this excellent pastoral di strict has been materially 
increased. This area ext ends, so far as has been determined by such 
geological mapping as has been carried out, from the mouth of the Mur­
chison River to somewhere about North 'Nest Cape, thu covering about 
6 degrees of latitude, with a maximum width of over 130 miles. 

The valley of the Gascoyne River from its mouth to a point a few 
miles below its junction with Dalgety Brook, affords a complete ecticin 
of the whole of the strata which are of any importance from the point of 
view of hydrology, hence a few moments may be devoted to a considera­
tion thereof in order that many matters which follow may be made clear. 
The strata occurring in the valley of the Gascoyne River consists of re--
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presentatives of the Palaeozoic, Mesozoic, Tertiary and Post Tertiary 
Age, all of which are important from the hydrological standpoint. 

The basal beds of the Palaeozoic strata, which it is of importance to 
note, carry a considerable portion of the artesian water in this portion 
of the State, have been carefully examined, between the Shipka Pass and 
what is known as Noonclilyie Fish Pool, though a great deal yet remains 
to be done in the direction of more detailed investigation . The beds 
con ·ist of conglomerate, sandstone, shale and limestones, the organic re­
mains in which are sufficient to demonstrate the preci. e geological horizon 
to which the strata belong. \i\Then viewed broadly, the beds are found to 
have a very gentle dip to the westwards, which carries them below the 
level of Sharks Bay. These 1 eds have been pierced in the experimental 
bore put down at Pelican Hill (Bibbawarra) near Carnatyon, which had 
been carried down to a depth of 3,0II feet, though O\\·ing to difficulties 
connected vvith the boring plant, it was not fo und po sible to continue 
operations until the base of the P ermo-Carboniferous eries (the water­
bearing rocks) had been reached. The record o[ this important bore 
showed that :- The first 150 feet comprise clays, and limestones, of 1\ewer 
or Post Tertiary Age ; Middle Tertiary calcareou clay and shale were 
passed through to a depth of 1 ,238 feet ; Mesozoic (and possibly creta­
ceous) clay shale and gla uconit ic sandstone, down to 1,361 feet ; whilst 
the balance of the beds 1,650 feet in thickness, consisted of limestone, 
black shales and sandstones, which the organic remains proved to be of 
Perno-Carboniferous Age. The limestone cores have yielded pin:jera 
A viculopecten, A ntfl1'acoptera and F avosites identical with those occurring in 
the beds outcropping about 1 30 miles inland. 

This Bibbawarra bore i of interest owing to the fact that it yields 
an overflowing supply of art sian water, drawn fro m a bed of sand tone, 
448 feet thick, which forms the lowe t of the Permo-Carboni ferou Rocks 
penetrated. At a depth of 2,6II feet the bore yielded a supply of 300,000 
gallons of water, but when it had attained its present depth of 3,0II feet, 
the supply in creased to 520,000 gallon per diem, and there is no doubt 
that had it been possible to continu operations until the base of the eries 
had been unequivocally reached , a much more generous flow would have 
been obtained. This bore hole i also of some importance from the fact 
that it gave experimental demonstration of the conclu ion which had 
been arrived a t from scientific investigation, that artesian water would 
be found in this portion of the tat , a nd furthermore it succe ha led 
private enterprise t o do its part in mbarking in a policy of water-boring 
and the better utilization of those areas of pastoral country which make 
such a n important asset in this portion of \Vestern ustralia. 

What may be called the Kennedy R ange andstones and the beds 
lying at the ba e of the P ermo-Carboniferous Rocks are with minor ex­
ceptions well adapted fo r the absorption and transmission of large 
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quantities of ,,·ater, and in addition th s sandy b d attain consiclerabl 
thickn ss. The tructure of the e bed is (omitting all min r detail } 
that of almo tone half of a ynclinal trough , the a tern rim of which is 
at a considerable altitude above sea-leveL The water supply of these 
bed. i r ceived along the continuous outcrop, which form. the catch­
m nt area from th head of th Murchison to the Yanarrie River . The 
country to the ea tward of th is is made up of impervious crystalline rocks, 
'~hich send all their drainage to the east\Yard , conv ying the rainfall 
directly to the outcrop of the ,,·ater-bearing beds, which form a wide 
belt along the margin of the area. 

The strata forming th Kennedy Range con i t of fine grain d and­
stones, ,,·hi h are practically horizontal , or ,,·ith o low a dip a to be 
3carcely perceptible in a ingle s cti n : the and tone attain a con ider­
able thickn ss. They haY been so denuded that the Valley of the Lyon 
form a hugh ditch along the inn r eclg f the and ton , which aids in 
conveying to and keeping th water in the Kennecly Range and tone· . 

The ar a ov r which th art ian water carrying strata occur, has b en 
indicated with as near an approach t accuracy as ha be n found po sible, 
upon the two geological ketch map- , which form plates r and 2 of Bulle­
tin 26 , publi heel by the Survey. 

1\ ccorcling to lhe lat t information available to me, th r are over 
20 1 ores in this North- 'vV st Di . trict repre enting _an amount of boring 
equal to nea rly so.ooo fe t, and the total output from which is c n ider­
ably ov r s.ooo,ooo,ooo gallons of water per annum. The y t m of bor­
ing for arte ian water in this part of the .' tate is capable of gr at expansion. 

K l i\ IBEHLEY DIVISION. 

The large ar a of : dimentary rock , many b cls of whi ch are uffi­
ci ntly porous to ab orb and transmit water in the Kimberley Divi ion, 
has led to om xperimental b ring on the part of the ' tate. t Broome, 
a bore was put down to a depth of 1,362 feet , and yi lcl cl an o erflo,,·in 
upply of water at the rate of 142,000 gallons per di m, with a temperature 

of 103 degr e Fahr. . nother deep bore at the 67 mile on the Derby­
Lemard Road has been carri d clown to a cl pth of 2,129 feet, and yielded 
140,000 gallon per di m, thi water was deriv cl from a lime tone occur­
ring at 1,040 feet, and of what i believed to be of Devon ian Age, or older 
than the bed which yielded the water on the Ga coyne Valley. T\\'o 
other bor . w r put down at Vilynclh am (Cambridge Gulf), one to a 
depth f 690 f et and another to 1.440 fe t without striking water. 

In his report on th pr sp ts of obtaining artesian water in Kim­
berley, Dr. H .. L Jack, point d out that artesian water might be m t with 
in the area of Ca1 bonifer us Rock occurring n ar Flora V alley. ince 
that report wa written, the d patch of a party for the purpo e of inking 
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·wells on the stock route between Wiluna and turt Creek, ha5 afforded 
us an exceptional opportunity of gaining further knowledge of the extent 
of these beds. This work was carried out by my colleague, Mr. Talbot, 
during a journey extending over 426 days during rgo8-r 909 ; the r sults 
of these observations show that the so called " Great Sandy Desert " as 
indicated on nearly all the Australian maps is made up of sedimentary 
rocks, such as porous sand tones, alternatively \Yith shales, disposed in 
such a way as to form an ideal artesian water-bearing ba in. This 
country xt nded south from Flora Valley over 7 degrees of latitude to 
somewhere about the neighbourhood of Lake Disappointment. These 
sanely beds doubtless continue westward and form the low country which 
fl anks the ninety mile beach, between La Grange Bay and Pois onier 
Point. lt is of importance in thi connection to note that the basal bed 
of the Carboniferous eries, which form the intake area of what may be 
called the Desert artesian area, outcrop along the northern flank of the 
valley of the Fitzroy, where the rainfall is greater, and furth er the catch­
m nt area is in one or two in tance. cro s d almost at right angles by 
the Lennard, and the Bark r River as well as some other creek of 
minor im portance. 

Everything therefore points to the fact that boring in this as yet 
practically untested area may be carried out with a reasonable degree 
of confidence. Two bore have already been put down in the Fitzroy 
Valley at Upper Liverynga, one about three miles north-east of Mount 
Wynne, which yield d 7,000 gallon per day ; the second bore, about 
three miles north-ea t of Liverynga Station, attained a depth of 70 feet 
and discharged r,soo gallons per day. The few bores vvhich have already 
been put down in this perhaps the largest of the Western Australian 
basins, proves that the occurrence of artesian water, is no longer a matter 
of theory. 

GENERAL. 

The great importance of water as an economic mineral is becoming 
more and more fully recogni . eel on account of the direct dependence of 
the population upon arte ian water upplie in certain restricted areas, 
that in bringing to a clo e what ha I fear been a more or less dreary 
recapitulation of ascertained geological facts bearing upon the que tion, 
I feel it encumbent upon me to enter into certain other aspects which of 
necessity arise therefrom. 

It is very generally recogni ed that an estimation of the quantity 
of surface waters can be determined by methods well known to engineers, 
but the determination of the total quantity of artesian water in existence 
cannot be even approximately arrived at. . 

Rainfall is disposed of in three ways :-evaporation, surface "rud 
off " and percolation ; it is the balance that is left after evaporation ann 
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" run off " which i available for absorption by the strata upon which it 
falls and which is capable of being reached by well . 

I am only aware of one instance in which any ob ervati n have been 
made in ' iVestern Australia whi h enable an estim ate to be arrived at as 
to the quantity of water available for ab orption. ObserYations have 
been conduct d by the engineers of the Public Work Department at two 
stations in the waters head of the Hel na River ; one near Midland 
Junction and the other n ar Greenmount. The we ternmo t station wa 
situated on the outcrop of the porous trata of the Coastal Plain and the 
other on the cry talline (or impermeable) rock . The ob ervat ions at 
these two guaging station extended over the y ar 1899-1901 , showed 
that allowing nothing ,,·hatever for evaporation , there is a total po si ble 
ab orption of a little over twenty-t\\"O thousand million gallons of water 
per annum. The geological conditi ons which prevail over large areas 
of the Coastal Plain demonstrate that rivers of much larger catchment 
than the H lena discharg their drainage into the plai n and it is therefor 
reasonable to as ume that a large pr porti on of the water from the catch­
ment disappear beneath the urface , and helps to fe cl the arte. ian 
reservoir bel w. 

The fact that w cannot arrive ven approximately at the total quan­
tity of arte ian \\" ate r in exist nee in the 1.ate, i not a matter of any par­
ticular moment , emg that all that we are only concerned with ,s the 
quantity \\·hich wh n withdrawn annually is restored by natural mean . 
\\'hen xce ively drawn upon , artesian water, will in fairl y ar cl region 
be les rapidly repleni ·heel , because alth ugh the actual quantity tored 
therein may· be normous if more is withdrawn than the water-bearing 
beds annually absorb and transmit, a t ime must come when the fl ow of 
water OYer the urface will dimini h or possibly cease altogether . 

So far as 1 am awa re v ry fe w ob ervations have yet been made in 
'vVe tern \ ustralia \\·hich will nable any v ry definite an \\·er being given 
as to whether th r is uch a diminution in the supply of water from our 
artesian wells a to au e seri ous depletion. 

In th ea e of two of the bores in the Government Locomotive 
'Yorkshop Yard at iVIidland Jun ction ; the yield of one dimi ni heel from 
16 ,ooo gallons p r diem to 48 .ooo gallons during a p riod of thrfe y ar 
from 1904 to 190 , and of the cond from 1,5oo,ooo gallon per d iem to 
6oo,ooo gallon during a period of four years from 1904 to 190 . The 
fir t of the e bores was 22 feet and the second 890 fe t in depth. 

At Bunbury two bore (which are conn cted), put down for the Rail­
way Department to a d pth of 70 feet yielded 96,ooo gallon of water per 
di m, and by 1908 the flow had fallen t o 86,400 gallons per diem . 
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Of course ales ening or even a cessation of flow would not of necessity 
indicate permanent xhau tion for there is always a come and go, as it 
were , in the level of underground water. 

A dimi nished flow due to either (a) lateral leakage through superin­
cumbent porous bed ; or (b) the choking of the bore lue to "creep," 
which may efiect such oft and pla tic rocks as clays and clay hol , or 
such loo rock as and and half coherent sandstone ; (c) the a cumula­
tion of and and fi.ne mud, or some mineral product, and the wearing out 
of or defect in the ea ing, can I e remedied by method known to engin er . 

A decrea e in the flow due to the exhaustion of the head by a con tant 
draft i irremediable; but th po. ibility of uch can be minimi ed by 
shutting off the wate r at such a t ime a the upply i not required. In 
the vent of a constant draft having any serious effect upon the supply, 
the r shoul d be a distinct and marked d iminution of the pre. sure which 
only con tant bservation c uld detect hence the necessity for ha\'ing 
accurate record kept of th pr s ur and flow of all bor , public and 
private, and the results properly tabulat d. Hence it beho\'e those re-
pon i ble fo r the con ervation of our natural resources to that reason-

ab! care is exerci. eel in t he u:e of t his most valuable a et of the commu­
nity is to have it to draw· upon for all time. In many di trict the arte ian 
bore are allowed to fl ow continuou Jy uncontrolled, thu wasting a large 
proport ion of the water, which can in the ab ence of a healthy public 
opinion on the matter only be prev nted by legi lative enactment . 

If, of course. our artesian water upplies are limited, and there i no 
doubt that t hey are, then it i of cour e quite clear t hat such mu t be most 
carefully safeguarded. Ar t ian wells which are allowed to flow without 
restriction, tend to seri u ly lower th h ad of water, and if thi depletion 
exceeds t he amoun t which is rep] ni heel , then it natu ra ll y f llow that a 
tat of affairs may be brought about which annot b fac d with equani­

mity. Th gravity of the ituation cl pends largely upon the extent to 
wh ich new well are put down, th ir mutual interference, and the care 
with which bores now flowing are regulated . 

T he ·earch for artes ian water like all other fo rms of pro ·pecting to be 
effective and economical mu t be carried out on tho e cientific principles 
whi ch incli ate t h source, depth, amoun t and quali ty of th wat r likely 
to b obtained in the various geologi al formations a d velop din d1fferent 
locali ties. T his prelimin ary work is more or le s a matter of g ological 
investigation, and the fir t r quisite i a more or les detailed g ological 
map upon which the extent, nature and structure of the formation s are 
defined with as reasonable d ree of accuracy as the cale of the ba e maps 
employed will p rmit. 
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A good deal of thi class of work has been accomplished in Western 
ustrali a during recent year , but the demand , therefore, at present ex­

ceed the capabiliti es of the Department. 

The geological survey work having been carried out, it ought to be 
pos ible to produce maps showing t he levels to which arte ian water would 
rise by m an of isopotential lines or lin of equal water pre ure, t hough 
probably plan showing the underground contour of the water-carrying 
horizon in t he different fo rm ations would be of more permanent practical 
value. 

Another very important and essential part of the geological work in 
connecti on wi th our artesian water supplies consi ts in collecting a many 
records and cores as pos ible of all the bore put clown in th State. and 
examining such of th cores a · ar available and interpreting the in for­
mation they give in such a way as will render them of value fo r fut ur re­
fe r nee or ,,.h n m bodied in offi cial report . In respect to pret ty well all 
boring clone by or with t he assist ance of the public fund , a fairly complete 

t of th cores now form · part of the collecti on torecl in the Geological 
Survey Offices for purpo es of reference. Whil t in the a e of privat e 
bor s t hank to the cordial co-operation of many of the boring engineers, 
and t o the ready re p nse t o requests for info rmat ion, fairly complete bore 
reco rds which might otherwise hav been lo t are fi led in t he archi ves of 
the Depart ment. Mu ch, however , yet remains to be clone before a really 
complete and accurat e et of t he J ourn als of private bores has been col­
lected , for there i as yet no legal obligation on the part of the publi c t o 
lodge such data wit h the Government ev n though the operations have 
be n carried out on State property . u nless some steps are t aken to ac­
quire the infotmation there is a possibility that a Yast amount of valuable 
geological dat.a, bearing upon the que ti on ol arte ian water may be irre­
trievably lost. 

Arte ian water supplie are destined to play an important part in the 
development. of cer tain portion of ust ral ia that in r go8, it wa uggest ed 
that a Con ultative Board should be fo rmed by representatives of the re-
pective Stat s of the Commonwealth , in order to deal amongst other 

things with the que t ion as t o whether the artesian water supplies of Au -
tralia were in danger of being seri ously dimini heel and if nece sary to 
advise as t o the best means of combatting that contingency. 

A good deal of valuable informati on was col)ect ed in vYe t ern Au t ralia, 
a nd arrangements made to systematically investigate the whole question, 
but owing t o eau es which need not be peci:fied the formation of uch a 
Board has been left in abeyance. 
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Many years ago the United States Government, recognising the im­
portance of having an exhaustive scientific examination made of the arid 
regions in the interior, with the ultimate object of ameliorating the con­
ditions of life therein , appointed a commission con isting of geologists and 
engineers for the purpose. A perusal of the official reports of the comnus­
sion shovvs what a vast amount of information , of more than mere local 
interest, has resulted, and the extent to which t he appoin tment of this 
body was justified. Is it too much to hope that such a body will some day 
be brought into existence locally ? 

. This paper will not have been prepared in vain if it shall re ult in 
awakening the attenti on of engineers, and of those in whose in terest they 
labor, of the perils which result from possible uncontrolled wa te and dis­
sipation, of that priceless heritage, with which West ern Au tralia has been 
endowed, her artesia n water upplie .. 

[For diagrams see end of book.] 



ARTE IAN BORING- ITS INCEPTION A D PROGRES IN WE T­
ERN AU TRALIA. 

(BY H. c. CASTTLLA.) 

In dealing with a subj ect of this de cription there i necessarily an 
enormous amount of dry detail which must be omitted, but which has 
given the engineers dealing with the matter much tudy. A volume could 
be written on this, incomprehensively technical to those not immediately 
associated with the subj ect. 

At what date the idea of artesian boring in this tate- or colony 
as it then was- fir t generated, I am unable to say, but there is no doubt 
a flow wa accidentally struck some time during r873, during a search 
for coal under the advice of Mr. Brown, then Government Geologi t. 
The situation of thi bore was omewhere near the Canning River, a few 
miles south-east of Perth, and close to the Darling Range. An extra­
ordinary thing about the strike was that it must have been regarded as 
wholly unimportant by the author of th bore, an d was completely for­
gotten, and was unknown to Mr. Brown's successor, Mr. Hardman, 
from who e pen a report dated 3rst March, r885 emanated, viz :-

" Artesian Wells and the principle in volved in their con truction." 

. ". rte ian Wells- o called because they are supposed to have fi rst 
been used in the provin ce of Artois, France, can only be formed under 
the following conditions: -

" (r ) The strata mu t a ume a ba ·i n-shaped form. 

' ' (z) There must be a se ri es of trata consisting of an impermeable 
bed above, then a porous or . erie of beds, such as sand, sand tone or chalk 
and finally a second imperviou layer through wh ich the water accumu­
lated in the middle bed cann ot percolate. 

· " (3) In order that the water which collects in the porous strata may 
rise to some height above th urface at the point where the well ha been 
sunk, it is nece sary that the level of the water-bearing st rata where it 
receives its supply from t he rainfall shall be at a greater elevation than 
the highest requisite point of delivery. 

" (4) To in urea sufficient upply from an artesian well the previous 
strata which holds the reserv s of water must present a ufficient urface 
or available area t admit of an adequate amount of water being collected 
and stored away to meet the neces itie of the given di tricts where it 
is required. 

' ' It is obviou that under the conditions just pointed out the water 
supply will depend altogether on the area of the porous rock expo ed, 
and on the amount of the rainfall of the district. 
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"But no such condition as just laid down obtain here. We have no 
basin-shaped . trata, we have no such alteration of the pervious or imper­
vious strata bowing a wide outcrop of the latter, nor have we any con­
siderable elevation about Perth of the few thin outcrops of sand and 
sandstone which are met with. 

" If the ection of the country around Perth be compared with a typi­
cal section of a di trict in which artesian water is found it will at once 
be seen that there is no likelihood of obtaining a water supply on uch 
principle here. As an example con ider the London Basin. There 
water is obtained from the chalk and greensand fo rm ations which crop 
out at a con iderable distance south of London and at a higher elevation 
striking from Rye to Horsham and expo ing a large surface to absorb the 
rainfall. Toward London they are concealed by a more or less impervious 
strata the principle of which is th London clay, through which wells have 
to be sunk in order to reach the water stored up in the permeable or porous 
chalk or greensand, whence, by reason of the hydrostatic pressure due to 
high level, it rises readily to the surface. 

" Another typical di trict is the Paris Basin in which the strata are 
essentially the . ame as the London Basin. There deep borings have been 
sunk through the tertiary formation (corresponding to the London 
clay ) through the chalk and other members of the upper cretaceous rocks 
to the lower greensand . I need only refer here to the famou well of 
Grenella and Passy carried down to the depth of r,673 and 1,719 feet 
respectively. The outcrop of the greensand at Verdun, rso miles to the 
South-East of Paris, is about 700 feet above the level of the sea while the 
plain of Grenella is but 104 feet above the level. The water here ro e to 
a height of r zz feet above the ground ; the point of saturation wa , there­
fore, 1,474 feet below the outcrop of green and. 

'' If therefor , thi section be compared with that showing the geo­
logical structure of the country around Perth, it will be clearly seen how 
hopeless it would be to expect artesian water here-that is water which 
would overfl.ovv the well or borehole." 

In the face of the development of the last 25 years it IS difficult to 
understand how a recognised authority could have so emphatically ex­
pressed himself. The only conclusion [ can come to is that there was 
much to learn about artesian supplies, and We tern Australia, in this as 
in gold, presented new features. 

At the risk of being tedious, l have given Mr. Hardm an' report a t 
length, but do not propose to do so with a much more important report 
from the pen of Mr. Harry Page Woodward, dated 7: 3: gz. Mr. \~ ood­
ward was then Government Geologi t. 

Of this report it i sufficient to say that while Mr. Woodward agreed 
with Mr. Hardman on general principles, he differed with him on certain 
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details, which details in the event of subsequent developments proved 
vital. Mr. '~'oodward ' s reasonings were in favor of artesian water being 
found in the neighbourhood of Perth. 

On the strength of this report a small hand plant of the Canadian 
pole rig type was procured, at a cost of about £400, and operations were 
commenced at the Midland Junction Work hops in September, r8g4, 
and by January r8g5 a depth of soo feet had been bored. At 420 feet 
below the surface a flow of water wa struck of 266,ooo gallon per 24 
hours. 

The static head above sea level was 33.20 feet. and about the surface 
20 .20 feet. 

Thus was the vexed question of the existence of artesian water in 
this State finally set at rest. 

In quick succe ion other hallow bores followed in this locality. 
'Ir. Morrison of Waterhall, Mr. Harp r of \Voodbridge, Mr. Gull of Bebo 

Moro, Mr. H a mm ersley of Locksley each ventured to have this new class 
of water on their land , and the effect on irrigation was very remarkable. 

The artesian basins of this tate have been divided into three classes : 

I. The proved arte ian basins numbering three, in 11·hich over­
flowing supplies of 11·ater have been obtained by deep boring. 

2. One large area as yet only partially explored and at present 
untested, over portions of which it i very probable that artesian or ub­
artesian supplies will be obtained. 

3. One proved ub-arte ian basin in which large supplies of water 
have been obt ain ed at a consid rable depth, but which although rising 
many hundred feet in the borehole does not overflow the sudac . 

r. Taken in the order of t heir discovery comes the Perth, or more 
correctly, the South We t Coastal Basin, which skirts the coast as a nar­
roll' belt from Geraldton at the north to the outh Coast, a distance of 
400 miles, and having a ll'idth which varies from ro to 40 mile . 

Thi ba ·in has onl y been tested in three sections, viz .- from Gerald­
ton to the Irwin River, between Midland Junction and Fremantle, and 
from Cookernup to Busselton . In the northern section the water 
ll'ith the exception of the Yardarino bore, proved to be too salt fo r human 
consumption. In the Perth section, with only one or two exceptions. 
the water was of good quality, but the striking point i that both quality 
and quantity vary very considerably, although the bores may be situated 
in close proximity. 
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· In the Southern ect ion, in the vicinity of Bunbury, the water is 
generally of good quality. 

Bet ween t he e three poi nts the area has as yet been untested, but 
judging by the general character of the country, there is little reason to 
doubt that it i one continuous basin. 

2. Th second artesian basin , ,,·hich mav b alled \\ e tern, xtend 
from the Ashburton Eiver in a southerly direction to the :Murchi on, a 
distance of 400 miles 1 y from so to ISO miles in width. In this area, 
like the southern , the water in t he ext reme north is very salt, but im­
proves in a southerl~· dir ction both in qualit~· and . upply. It is pro­
bable, however, that on the elevated tract of country between the \\'oora­
mel and the i\1urchison riYers only sub-artesian suppli es will be obtained. 

3. In t he third or northern ba in , which is situated around Derby 
a nd Br ome, including a portion of t h Fitzroy Vall y , artesian SUJ plies 
haYe also b en proved to exist, ,,·hilst extendi ng south-west, east and 
south-east, is a larg tmpro,·ed ar a of country, the rock of which are 
identical, OYer which it is highl\' p robable that a rte ian uppli s \Yill be 
obtai ned. As this t ract embraces a la rge ext nt of the practically water­
les interior, the 1 roving of such as urc of supply would be of xtreme 
val ue to this State. 

\\'hat mav be called the south-eastern sub-artesian area coyers the 
ele, ·ated t ract "of limestone countn· kno\\·n as the Great Australian Bight, 
which extend. .. sterh· from t he- ou th .-\ u. tralian border for a distance 
of about 300 miles. a11d no rth and . outh for a di. tance var~·in g from 
I:)O to 200 m il es. 

In this area along the proposed rout of th Tran continental Rail­
way line, boring has pro,·ed th ex isten of large ·upplies of good \\·ater, 
but the e, owing to the lcYation of the plateau , did not ri e within 100 
f t of the . urfac . 

F rom this, it ,,·ill b seen that large t racts of country exist in this 
State over which a rtesian upplies ha , ·e been, and fu r ther supphes may 
be obtained, while Ya t tract · of almost \Y aterless country ha Ye been 
rendered productiYe, and that furth r immense areas of de ert will yet 
be made avail able for pastoral purpo · , ,,·hilst to come nearer home, 
with out t his magnificent supply at ou r door., a water famine must have 
ocCUlT d, in ,,·hi ch case, P rt h could ne\' cr have obtain ed its pres n t ize 
or prosperity . 

BoRING PLA:\T . 

The method now adopted for boring into the earth 's crust in \us­
tralia, and for that matter all the ,,·orld over , consist of three di tinct 
varieties-the calyx drill, diamond d rill, and cable drill. Each of the e 
drills answers a particular purpose. \Ye are now . peaking of power dril-
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ling plant, capable of going do·wn to 3,000 feet or over. The ordinary 
hand drilling plant is only good for a few hundred feet-steam or other 
power is used for deep boring. 

I will speak first of the calyx drill, or rather of the Davis calyx drill 
as it wa originally called. This is an Australian system invented in 
Australia, and owing to this I have on two occa ions lost foremen, on 
account of their special knowledge of the plant. One was engaged for 
England, the other for Russia. 

It is useful in cutting through measures where a core is required. 

The cutter of the drill is a cylindrical shell of steel, with teeth cut in 
it resembling the outer covering of a flower, from which the name is 
derived-viz. calyx. 

By rotating quickly a system of j rk is caused which are impercep­
tible, and the cutt r practically chips and saws its way through the ground. 
This cutter i about a foot or I8 inches lon g, and is screwed on to a core 
barrel-practically a tu be, whilst above this is what is termed a chip 
cup-again another piece of tube. 

row the core barrel receive the core a it is cut, the inside diameter 
of the core barrel being the ame as the cutter. The chip cup abo,·e the 
core barrel is for receiving the small chips or debris in cutting. This 
string of tools is supported from the surface of the ground by hollow rods 
screwed together, somewhat in the fashion used by a chimney weeper 
when pushing his bru h up a chimney, only the one is leading upwards, 
and the other down to water and minerals. 

The hollow rods also serve a purpo e-a stream of water under pres­
sure is pumped through the rods to keep the hole clean an l free from 
debris, returning to th surface again, the chip cup receiving the larger 
pieces, owing to the pressure of vvater upwards being greater around the 
core barrel and chip cup than above it, the rods being of a much smaller 
diameter than the barr l and cup below it. You will ask how the core is 
brought to the urface. The rods are raised and uncoupled but prior to 
this operation gravel is inserted into the rods as the surface, and the full 
pressure of the water is exerted to to force this gravel down into the core 
barrel, where it jams and grips the core. Held tight in the core barrel, 
by a twist of the drill the core is broken at the cutter. The whole is then 
rai ed to the m·face as already stated, by uncoupling the rods . In the 
early y ar the cal)rx d ri ll was employed in b ring for artesian water and 
coal, the diameter of th bore ranging from 3" to about 8" in diameter. 
It is still used for boring through coal measures, but to a more hmited 
extent for water, where a core is not required or neces ary. It has had a 
longer life in this tate than it probably otherwise would have had, 
owing to the necessity for carrying out the double purpose-geological 
information and water acquisition . 
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You will understand that the calyx cutter being of steel, when in 
meets stratas or formations harder than itself, there is trouble. This is 
where the diamond drill replaces the calyx. The operation of the dia­
mond drill is practically the same as the calyx, the difference being it 
the cutter. The diamond drill cutter is a steel blank, but into it are em­
bedded the diamonds or carbons, which rotate. and grinds its way through 
the hardest of fo rmations. You of course know these dimonds are not 
beautiful gem of adornment. They are black diamonds or pure carbon, 
and so far as I know only obtainable over a limited area in Brazil, outh 
America. Either to their scarcity, or to trading manipulation, these dia­
monds have reached an excessive price. You will reali e t his when a 
diamond· bit , say for boring s" diameter, would co t something like [400. 
Consider the risk of losing this bit, or tearing out some of the diamonds 
and losing them in the hole in. the proce s of boring . . Owing to the high 
price of diamonds, a system has been advocated of drilling through hard 
rocks with chilled shot and a I lank bit. The chilled shot is placed at 
the bottom of the bore hole, the blank bit rotating over them under pres­
sure, frict ion doing the rest with the shot in movement. Tllis system 
has yet to prove it \' alue against the others, so far a I know. Mani­
festly it would be useless in soft ground. 

Vve now co me to the cable drill, an American and Canadian system 
now generally adopted in Australia where core are not required. Thi 
is purely a percussion drill pulverising everything it meets. . cable is 
u ed in place of rods as with the previous sy terns mentioned, and is us­
pended from a walking beam. The borin.g is done by heavy bit and tools 
suspended from the cable or wire rope. With a swivel the tools are made 
to turn a round hole. It would take too long to explain the variety of 
tool used in this process, but you would be struck with their great weight. 
It can get through practically the hardest rocks , and taking all things into 
consideration is probably the speediest and most economi cal process 
at the present day. 

At th risk of digres ing, I may tate that in boring on the Gold­
fields the diamond drill is . olely used, the core being of a very small dia­
meter, req uiring the minimum of diamonds in the cutter. Boring on 
goldfields is of great value in testing the ground and lode compared to 
the great cost of inking hafts . 

. The cable plan owes its rapid advancement to a et or string of 
t ools as they are termed, con isting of ch isels, sinker or jar bar, and set 
of jar . 

The chi. els are of two kinds- fl at and ide-cutting and of various 
sizes to suit the ize of the hole required. 

The side-cutting chisel i made with one edge straight, and the other 
slightly rounded so as to admit of its being close up to the side of the hole. 
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The cutting-edge i et in two ections with chisel points-one about 
four inches lower than the other. The vertical motion of the walking 
beam to which the cable i attached lifts and drops the string of tools, 
which weighs from IS cwt. to I ton, on the bottom of the bore hole, pul­
verising the . trata which is washed to the surface by a stream of \\'ater 
pumped down the hole. 

Thi system ha the advantage over the calyx or diamond drills in 
having no rods to uncouple or core barrel to employ and consequent delay 
neces ary to their operations. 

As it does not produce a continuous core, it is not in favor with our 
geological confreres. 

The question often arises to what extent has the tate benefited by 
the arte ian boring carried out to elate. 

Doubtless, the greatest cb rect benefit has been in the pa toral in­
du try in increa ing the stock carrying capacity of comparatively small 
ar a \rhich a few years ago were almo t useless and thereby augmenting 
the capital of th country. There has been a very noticeable tendency 
on the part of the north-west sq uatters of late year , to invest surplus 
capital in th 2'v1etropobtan area, and in the farming distri ts . Th in­
fe rence is that without the augmented water suppli es on the pastoral area 
by art sian bore these monies would not have been available hence the 
effect of the work on the development of Perth and uburb . 

0 f th direct and economi cal effect on the :\1etropolitan ,, ate:· 
supply, my colleao-ues are in a better position to speak than myself. 
Speaking personally, though omewhat empirically, I have a stron~ pre­
judi ce in favo r of certain b re water fo r human consumption . They contain 
the nece sary chemicals for bone and denture. Th fallacy t hat pure 
water, if there is such a thing in use, is necessary for h alth requi res ex­
posing and the sooner th public mind i enlightened on thi point the 
better. 

Some year ago \·vhen Claremont was. uppliecl with hose-wat r, undry 
of my forem n prev ntecl their chi ldren drinking it and insisted on the 
us of rai n water from the roof catchments. I in isted in a contrary 
com·-e and I am not certain that the teeth of the children who have been 
drinking ra in \rater compar most unfavourably \\'i th t hose who have 
be n using the bore. 

The di appointing f a tu r of th se bore \\· aters are their efiect on 
irrigation. 

With the exception of the shallow-GuiJdforcl bore and the Zoo­
logical Gardens bores-I know of no other fit for irrigation . The Leeder­
ville valley bore , no doubt, was, but it is wholly required for the Metro­
politan area. 
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To what extent this can be remedied is a problem for the future, a 
problem, however, which is now being earnestly tackled in Queensland 
and New South ·wales. 

In those two States when artesian water was first discovered, some­
thing like a boom in b01ing took place, and the waters vvere utilized for 
irrigation ; at first no harm resulted, but in a few years it became ap­
parent that, as was also the ea e in India, much land was being destroyed 
by the indiscriminate u e of unfit water. 

The generous supplies that were to have been the panacea for all 
evils agriculturally not only failed to fertilize, but actually to ruin what 
had hitherto been good land, making further cultivation impossible. It 
was an awakening resultant on much loss. 

For some years no steps were taken to provide a remedy, but awak­
ened by the enthusiasm of a certain chemist and investigator two years 
ago, the Government of New outh Wales commenced a serie of experi­
m nt on land previou ly sterilized by unfit bore water. It took the shape 
mutually of treating the bore-water with nitric acid befor utilizing it 
for irrigation. 

The results have been somewhat startling, but so encouraging that 
the operation are being continued apparently with good re ults. 

It behoves us in this tat to keep ourselves fu lly in touch with these 
operation as if the difficulties in the way of use of our bore-water for 
irrigation can be overcome, the benefit to the State may be incalculable. 

Dr cu ION. 

MR. HuGH OLDHAJ\f, in complimenting the authors of th two papers 
under di cussi n, stated that it was impo sible to exaggerate the value 
to hydraulic ngineer of the research work which had 1 en done in 
Australia by such men a Dr. Logan Jack , Mr. H. Y. L. Brown, ~r. 
Woodward, and Mr. Maitland, the author of one of these papers. The 
onu of indicating the extent of artesian area falls, of course, upon 
geological experts. One point r ferred to by Mr. Maitland is pecially 
interesting : that is the fact that in none of the basins on the coastal 
face has it been possible so fa r to reach the bottom of the sedimentary 
strata comprisi ng the artesian horizons. · The fact that in all cases where 
the sources of horizon have been encountered the increas of water 
pressure has been evident , indi at that the sources of ·upplies are 
obtained from the Anticline, and not from the Syncline ; that is to . ay, 
the intake is apparently on th coastal side of the axis of the backbone 
of intrusive Plutonic rock. !vir . Haynes had referred to the u e of the 
term basin , uggesting that it was only a figure of peecb. This is so, 
a , at any rate in the coastal areas, th re is only one elevated ide to 
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the artesian area, there being a natural escape somewhere out in the 
Indian Ocean. Regarding the question of depletion of the artesian 
sources, a considerable amount of investigation had been carried out 
under the speaker's direction, and cases had been referred to the 
Department where there were manife t diminutions of flow. In all 
·cases so far the loss had been traced to local causes, and there was nothing 
to indicate any depletion of the sources. An experiment conducted at 
Claremont in the way of te ting the effect of flow upon loss of head pro­
duces data which, where plotted in a curve, indicated that a bore would 
alway return to its original static head if closed down, and further, that 
when the period of flow was for an extended period the time required 
to recoup the head was practically the ame, as, for instance, a flow of 
six weeks as against six months. The small basin at Collie was inter­
esting as apparently approaching much more closely to the ideal form 
than others in the State. The artesian water in this basin was shallow, 
so shallow, in fact, that the drainage water in some of the mines appeared 
to come from this source. Members would appreciate the difficulty 
which such a state of affair would produce upon unwatering propositions. 

l\IR. F. \\ . LAW ON aid that the subject brought under notice by 
Mr. Ca tilla and Mr. Gibb Maitland is one of the mo t important that 
can b considered in connection with the utilisation of our arid di tricts 
for economical productive purposes. The actual date of the fir t dis­
covery of artesian water and boring (excluding the accidental di covery 
in r873) appear to be r879, at Kallara, between Bourke and \.Vi lcannia, 
in 1\ew outh Wales. The first bore in Queensland to produce u b­
artesian water was one near Cu nnamulla, whilst the first real artesian 
bore wa at Back Creek, in which water was struck on 28th. November, 
r887 ; so it would app ar that some considerable time elapsed before 
our tate followed in the wake of the two State previou ly mentioned. 
However, there can be no doubt that the finding of art sian water in 
r 94 ought to be plac d on record a one of the event which will in the 
near futur do more than the di covery of gold to advance the industries 
which mean so much to any tate. Dealing with Mr. Ca tilla's paper 
from the standpoint of construction of bores and the machinery used for 
this purpo e, it would be of interest to know the cost of drilling with the 
three system mentioned, as it had been the experience of the speaker 
that the cabl drill has long ince b en looked upon as the only system 
to b used in tried ground, the diamond drill only being u eel where the 
core i required for geological information. The tools required for a 
cabl drilling plant are very xtens ive and an ordi nary outfit requires 
at lea t 25 to 30 different joints. It is in the u e of the e that the kill 
of th foreman i shown. By the use of this system bores have been 
sunk to a depth of 5,045 feet in \ustralia. In this matter it is well 
to consider the most suitable siz for casing for deep bores and it would 
appear that for ordinary irrigation purposes that a ro" ea ing should 
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be carried down for about 300 feet and 8" casing to 700 feet , after which 
6" casing is used. The advantage of t his method is the reduction in 
friction on the smaller size of the casing. If it is not possible to carry 
t he 6" casing right down to t he fu ll depth 5" casing may be used, but it is 
preferable if possible to carry the 6" casing down as far as possible. 
Sometimes t he larger sizes of casing are withdrawn , but this practice is 
not desirable, as in the event of the bore having to be shut down the 
sub-soil water may find its way to the surface t hrough the disturbed 
ground, whereas if the casing were left in t here is little possibility of 
this happening. In regard to the use of bore water for irrigation, there 
does not appear to be as yet any certainty about the suitability of bore 
water for growing cereals, but there is an unlimited fi eld for its use for 
stock purposes and for certain classes of fruit t rees. I am not sanguine 
enough to hope that bore wat er will extend our wheat belt , but it will 
undoubtedly increase the carrying capacity of our cattle stations and 
if rightly used fo r tllis purpose great wealth must fl ow into our State 
coffers. There is an important point t hat the authors do not appear 
to have t ouched upon, but no doubt have particulars of, viz., the de­
termin ation of the fl ows or hydraulic grade of t he artesian waters. The 
time appears t o be ripe for the accurate measurement of t he hydrostatic 
pressure and the plotting of a curve or curves for each known basin. 
For this purpose the various bores should be closed down and t he pressure 
of each t aken by means of a pressure gauze. Further , it would be de­
sirable for t he intake beds of the artesian basin to be defined by a geo­
logical survey. The bores on the ea tern side of the Darling R anges 
are apparently feel from the rain which falls on the hills. It has been 
observed that some of the Australj an rivers cany off as much as a quarter 
of the rainfall, while others only discharge r.s per cent. , so that t here 
is evidently some agency at ·work t o account for t his small flow. For 
some t ime past the discharges of some of the rivers of the east ern lopes 
has been observed by the writer , and the percentage o frun off ha ap­
parently been less than r o per cent . of the rainfall on t he average, and 
this percentage includes one permanent stream a t least ; t herefor , I 
think that it is safe to assume that the major portion of the rainfall on 
the east ern slopes of the Darling R ange is available for use as artesian 
or sub-artesian wat er. In connection with the testing of artesian water 
for hardness, i.here has recently been devised a very simple method of 
examin ation of water fo r hardn ess by electrical methods,* and t he 
adoption of this system would seem a most desirable step t o 
obtain quickly in the field the harclne of the water obtained at 
various depths in any bore during construction. R ecently a 
bulletin issued by the Department of Agriculture has been brought 
under my notice. This covered experiments with t he wat er finder of 
Messrs. Mansfielcl and Co . and the expe1i ments made with this instrument, 

~ Prcct:ed ing~, J flstiw t iou of Electrical Engineers , IQ IO, 
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the principle of which is quite simple and may be explained as follows:­
If a copper wir be held near a magnetic needle, and its two end. con­
nected to the two terminals of an electric battery, so that an electrical 
·current flows in the wire, it will be found that the needle is deflected 
from its normal position, and it will remain cl Jiected o long a a current 
is traver ing the copper wire. If, however, instead of directly holding the 
wire near the magnet a closed metall ic circuit be held near it, and a 
copper wire be placed near the current, it will be found on suddenly 
connecting the wir to th terminals of the battery that the needle is 
deflect d ; the deflection is, however, only transient and not premanent, 
as in the la. t ca~e. Here, wh n the ends of the copper \\ ir are suddenly 
connected to the t rminals of the battery, the current flowing in the 
wire induces a tran~ient current in the metallic circuit, which causes 
the deflection of th magnet, and as the current i only temporary so also 
is the deflection of the needle. lf, again, the intensity of the urrent be 
varied it will produce a temporary deflection of the magnetic needle. 
The amc 1 rinciple cause the cleft tion oi the magnetic ne dle in the 
water finder when it is fixed n the urfac where wat r i~ flowing below, 
with this differ nee-that here the inducing CUlT nts do not flow along 
a copper wi r but are ~enerat din the underlying trata. These currents, 
which ar known to be g -nerat cl by many caus s, generally follow the 
course of a stream, that being the lin of least re istance ; they then 
induce urr nts in the water finder mu b in the sam wav, in which the 
current flowing in the copper wire, as before mention~d. induces the 
metallic circuit ; and it i these indu eel currents that aff et the magnetic 
neecllc. "·hich cohsequ nth· is deft. cted from it. po ition of rest . The 
gr ater th underground flow the more rapidly does the needle os illate, 
The whole efhciency of the in trument would s em to cl pend on the 
prefer nee of earth CUlT nts to follow the path of an underground tream. 
It would appear that a rtain amount o[ succ s ha follow cl the use 
of this in. trument and it would s em t hat it would be worthy of a trial 
in our shallow art sian or ub oil water b aring di. tricts . Probably 
1r. Cibb {lh.itland may be abl to ay som thing more regarding this 

instrument, which i a practi al application of a well-known principle. 

:\'IR. . GIBB MAITLA)!D, in replying to the remarks and ob ervations 
on his paper, said that he labour cl under the very serious disadvantage 
of not having been present at the meeting at which the ubject matter 
of il was discussed. ln r ply to the r marks of Messrs. Olclham and 
Lawson, my paper might ha,· b en much fu ller. had l gone into great 
detail, into what might be called the e\'erely scientific side of the broad 
questio.1 of arte ian water supplie in gen ral. Th raison d'Nre of my 
pap r, however, was to bring out uch aspects a affect our art ian 
wat r :upplies as more di rectly appeal to those member:, of the engineering 
profe. ion who are called upon to demon trate practically thei r value. 
Mr. Hugh Olcl ham remarks that in none of the bo re which have been 
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put down on the oastal Plain has it been possible to reach the bottom 
of the sedimentary series of strata which contain the arte ian water 
horizons. \Vhen viewed broadly the geological structure of the oastal 
Plain ' hows an ascending geological series southward from the Murchi on. 
In the railway station yard at Geraldton the old granitic floor ' bed 
rock " was met with at 4-0 feet, and t he granite penetrated for about 
2 feet 6 inches, whilst at Bu elton granite was reached at 653 f t, and 
at l\ewtown at 330 feet. The last bore put down by th Government. 
at C okernup, o miles outh of P erth, was carried down to a depth of 
z,zrs feet, when operations w re discontinu d in a bed of andstone, 
without having been carried deep enough to meet bed rock. Thi bore 
yielded no water, possibly becau e it was not sunk deep enough. With, 
ther fore , the local exc pti n (Geraldton, Busselton and l\ewtown), 
in no case has the ancient floor of crystalline rocks been un quivocally 
reach d anywhere on the oa tal Plain. As Mr. Oldham remarks, the 
intake area of the water-carrying beds of the Coastal Plain is on the 
seaward ide f the escarpment of the Darling Range. It ha been 
pointed out in the paper that up to the present time there is only one 
in tance in which uch ob erva tion have been made which will enable 
an est imate to be arrived at of the amount of the rainfall which is avail­
able for absorption by the permeable trata of the oa tal Plain. These 
observations demon ti·atecl that ov r twenty-two thou and million gallons 
p r annum of the rain falling in th wat r hed of the Helena River dis­
appears beneath the urface between Greenmount and :\Iidland Junction, 
and helps to feed the arte ian reservoir below. It is much to be regretted 
that observations of the actual discharge of the oth r rivers crossing 
the oa tal Plain have not yet be n made, so that a rea onably reliable 
est imate of the quantity of water abso rbed by the porou strata may 
be arrived at. It ha been pointed out that the U[ ply of arte ian water 
is derived from the rainfall percolating at the pres nt time ; certain high 
authorities have recently promulgated the the ry that artes ian water 
suppli are d rived from three main sourc : {a) plutoni water which 
has ri en from below; (b) residual wat r deposited in the trata at the 
time of their formation ; and (c) some rain fall which percolated into 
the sandstones at an earlier geo logical time. The consideration of- these 
theorie being rather of a ademtc intere t, and somewhat outside the 
cope of this In titution, no further refer nee need be made thereto, 

beyond pointing to th observations of the engineer of the Public Works 
Department, to which [ have ref rrcd, and which prove beyond all 
shadow of doubt that contemporary rainfall does add annually an enormous 
quantity of wat r to the trata of the We tern Au tralian Coastal Plain. 
1n regard to the que tion of a diminution in th . upply o( th \ est rn 
. ust rali an artesian well , such a might cause a erious depletion in the 
head of water, cases were quoted of the bore in th e Government loco­
motive workshops yard at iVIidlan.d Junction , and those in the railway 
yard at Bunbury, where observations xtending over a per iod of years 
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showed a most marked lessening of the flow. It was at the same time 
pointed out that a lessening or even a cessation of flow does not of ne­
cessity indicate permanent exhaustion. lVIr. Oldham, the Engineer for 
'iVater Supply and Sewerage, however, points out that investigations 
have been carried out under his direction in this connection, and it cannot 
but be a source of gratification to have his assurance that such manifest 
lessenings of flow as have been detected can be traced to local causes, 
and there is so far nothing to as yet indicate any permanent exhaustion 
of the supply of artesian water. In my paper it was pointed out that 
if a constant draft upon our arte ian water supplie had any serious 
effect such would be indicated by a distinct and marked diminution of 
the pressure, which could, of course, only be detected by constant ob­
servation, carried out regularly over lengthy periods, and the paramount 
necessity for having accurate records kept under Government control 
of the pressure and flow of all bores, both public and private, and the 
results properly tabulated was emphasised. In reply to the observations 
of lVIr. Lawson, regarding the delimitation of the intake area of the 
various arte ian water areas so far known in 'iVestern Australia, a great 
deal has already been clone in this direction, and geological map have 
been prepared and published of the Eucla, the outh-West, the North­
West, Kimberley and part of what may be called the Desert Artesian 
Area in the Eastern Division of the tate, whilst only a week or two 
ago a new map of the country between the mouth of the Irwin River 
and Cape Leeuwin has been made available to the public for the special 
purpo e of rendering assistance to the agricultural industry, for the 
possibility of the utilisation of much of our agricultural land is largely 
bound up with the question of its water supply, hence special attention 
require to be paid to its needs. It, however, is much to be regretted 
that no artesian water is likely to be obtained over the major portion 
of it . lVIr. Lawson, in his concluding remarks, directs attention to an 
instrument known as an automatic water finder. '0/e all know that 
what is known a rhabclomancy, or th power of detecting the presence 
of water with the aid of a divining rod, dates back to the very earliest 
periods. o far as any scientific information goes, the power of divining 
has proved absolutely unreliable in those cases in which, from its very 
nature, it should have proved infallible. In respect to the efficacy of 
any mechanical appliance for water finding , I am quite unaware that 
water cannot be equally well detected by the exercise of more or less 
plain common sense in the direction of the compilation of reliable data, 
followed by logical reasoning. The mode of occurrence of underground 
water is of course entirely dependent upon considerations of geological 
structure, hence competent scientific opinion should, caeteris paribus, be 
of greater value than that of a " diviner " or even any mechanical ap­
pliance yet constructed. In thanking members for the cordial reception 
which has been given to my remarks, I can only r epeat what I have 
already tated, that " The paper will not have been ~repared in~vain if 
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it shall result in awakening the attention of engineers and of those in whose 
interests they labour of the perils which result from possible uncontrolled 
waste and dissipation of that priceless heritage with which Western 
Australia has been endowed- her artesian water supplies." 



THE TEAM TURBI I£. 

(BY J. R. W. GARDAM.} 

It is now some twenty-seven years since the first commercial steam 
turbine was made by Messrs. Parsons, and though an immense amount 
of experimental work was devoted to the subject by that firm it was 
not until their patent rights became available to other manufacturers 
that the turbine reached the position it holds to-day ; in fact, the pre ent­
day machine may be said to have developed within the last eight years. 

The steam turbine has many claims to consideration. Especially to 
be noted are:-

Its suitability for driving electric generators, air compressors and 
blowers, pump , and other machinery best suited to rotary 
motion. 

Its economy in steam consumption, particularly on pressures 
below atmosphere. 

Its compactness and lightness, requiring very small space and 
slight foundations, which means large saving in cost of land, 
buildings, etc. 

The absence of internal rubbing urfaces, enabling high superheat 
to be taken advantage of. 

o internal lubrication, which accordingly renders the exhaust 
steam free from oil. 

Its adaptability for utilizing the exhaust steam from other engines. 

Its reliability, low maintenance and quiet operation. 

Any of the above reason may be the deciding factor in the election 
of steam turbines in place of reciprocating engines, and though probably 
under 500 K.W., a high-pressure turbine would not be so economical 
of steam as a reciprocator, small turbines even down to 5 H.P. are u ed 
for purposes where economy of fuel is not as important as high speed, 
saving of pace or convenience of operation. From 500 to r,ooo K.W. 
there is little difference, if any, between the steam consumption of turbines 
and reciprocators, but above that figure the turbine rapidly surpasses 
the best engine performance. 

omparisons in steam consumption are useless unless the exact 
operating conditions are fully known, but from the records that have 
been published on large units the advantage under practically the same 
conditions lies with the turbine by approximately 20 per cent. 
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The followmg records are comparable :-

\i\7ith 175 lb . steam So deg. superheat z8" vacuum a kilowatt hour 
was obtained by an expenditure of r6.78 lbs. steam in a reciprocator 
and by 13.88 lbs. in a turbine. In Uus case the theremodynamic efficiency 
of the t urbine was 69 per cent. according to the R ankine Cycle, which 
is the ratio of the B. Th.L. actually u ed to th amount theoretically 
available. · 

The principal rea on for the higher economy in turbines is due to 
their ability to carry out the expansion of the steam more completely 
to a lower pressure than the mechanical difficulties of an engin e ";n 
permit, due to th enormou volume of steam at the minimum condenser 
pressure. \\ 'hen it i remembered that steam at 29" vacuum ha a 
volume 5 times greater than at a z6" vacuum the difficulties in the case 
of the reciprocator are apparent , in ad lition to which the same steam 
economy advantage is not attained, as the following tabl shows :-

Increasing 
t he 

Vacuum from 
rs " to r8 

2 ! 

24 
27 
z8.5 

D crea e team 
in Reciprocating 

Engine . 
5·8% .. . .... . 

II. 6 
17.3 
23 .1 
z6 .o 

Con umption 
m 

Turbine. 
6.z% 

!2.6 

20.0 

30.1 
37-4 

PRINCIPLE OF THE TEAM TURBINE. 

The pnnciple on which any turbine works is the converswn into 
kinetic energy of the heat stored in the team, and in order to obtain 
this the steam when allowed to expand, its pres ure and temperature 
will fall, whilst its volume and .\'elocity will increa . Thi kinetic energy 
transferred to a moving wheel produces the power required. 

Thi tran f renc of t.h energy from the t am to the moving wheels 
is a hieved in one or both of two principle known r spectively as the 
'' impul e" and the " reaction " (Fig. r ). The main difference betwe n 
the t\\·o being that in the impulse t ype the nozzle i fixed and the wheel 
moving in th direction of t am at half its Yelocity, no pre ure drop 
taking place in the wheel itself, whereas in th reacti n t ype the noz~le 
and wheel ar on , the wheel moving in the oppo ite direction to the 
steam with the same velocity and the whol pressure lrop taking place 
in the wheel itself. 

In the " reaction " type team enters the tationary blade , xpand 
therein, and in doing o acquir velocity with which it enter the moving 
blades; this act on the moving wh el on the impul e principle, further 
expansion take place in the moving blades, which energy is absorbed 



J. R. W. GARDAl\1 

on the reaction principle, this process continuing through all the stages. 
The steam being expanded in succe sive stages of fixed and moving blades, 
the whole drop of pressure taking place in the blades themselves, makes 
nece sary a large number of rows of blades in order to minimise leakage 
by reducing the fall of pressure across any set of blades as small as possible, 
consequently the clearances must be made as fine as is safe, for naturally 
the steam prefers to take the easiest path, which i over the tips of the 
blades, rather than do vvork on the wheel. Thus to get the greatest 
efficiency, reducing the clearances to a minimum is unfortunately opposed 
to the necessity of making the clearances sufficiently large to prevent 
risk of fouling. It i accordingly neces ary to make the shaft rigid and 
well-balanced to keep the bearings perfect and the cylinder free from 
distortion through heating, thi last reason limiting th amount of uper-
heat used. · · · · · 

ln the impulse type the whole of the steam is expanded in fixed 
nozzle , which impart the velocity of the steam to the moving wheels. 
The moving blades are o designed that no drop of pressure tal<e place 
acro s them and consequently ther i no tendency to leakage, thus 
enabling large clearances between the fixed and moving parts. The 
whole of the velocity of the team may be expended on one wheel or 
may be divided between succe sive rows of fixed and moving blade 
imparting a portion of its velocity to each . This latter is called " com­
pounding by velocity," and by its use the peripheral velocity is reduced 
without impairing the efficiency. 

Another feature used for the same purpose, viz., to lower the peri­
pheral speed, is that known as "compounding by pre sure." In this 
method tl steam is expanded in a number of steps each extending over 
only a part of the total pressure range, so giving at each stage only a 
part of the velocity. 

CELLULA! AND DR :\f ON TRUCTION. 

\ l\1ith " reaction " type turbin it i customary to u e drum type 
construction, but in practically all " im1 ulse " type turbine cellular 
construction i adopted. 

The drum type is used for " reaction " machine on account of the 
pre ure drop which takes place within both the moving and fixed blades, 
neces itating fine clearances, and since a large number of rows of blades 
is n cessary the drum construction is the mo t suitable method of sup­
porting them. 

ln " impulse " type turbines no pressure drop takes place in the 
moving wheels, and consequently there is no cause for leakage, and 
large clearances may be employed. A pressure drop, however, takes 
place between each side of the fixed nozzles and in order to reduce this 
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leakage to a m1mmum the nozzle diaphragms are carried down to the 
circumference of the shaft proper and in order to make trouble from fouling 
impo sible the inner circumference of the diaphragm is bored slightly 
larger than the haft and fitted with rings turned so as to present knife 
edges to the shaft, but which are o thin that should contact take place 
nothing beyond burring over would re ult. 

The drum construction could be used for the impulse turbines, but 
is not so suitable, as th clearance at the circum ference would afford 
a v ry much greater area for leakage than a similar area at the haft. 

COi\IPARI ON BETWEEN R EACTION AND I MPUL E TURBINES. 

The reaction type of turbines (Fig. z) has inherently the following 
features which render its SUJ ercession by the impulse t ype almo t certain, 
as the immense t rides made by the latt er in the past three or four years 
show. 

Fine Clearances, which increase the risk of stripping necessary to 
reduce steam leakage across the tips of the moving wheels, caused by the 
difference of pressure on the opposite side of the moving rows of blad s. 
In the impulse type this difference of pressure does not occur and con­
sequently the clearances can be made ample. 

Dwnmy Pistons, which have to be et very fine to reduce leakage 
of steam past them are neces ary to counterbalance the end thru t caus d 
by the difference of pressure mentioned above. These are not requ ired 
in the impulse type, as there i no end thrust. 

Long and small diameter hafts . On account of the velocity of t he 
blades being nearly equal to the velocity of the st eam, a greater number 
of rows of blade is required than in the impulse type, which has a velocity 
of blades only half that of the . team velocity. At the high pressure end 
the diameter of the spindle mu t be kept small, as the team occupies 
very mall volume at high pre sure and is admitted all round the circum­
ference, otherwise extremely hort blades would have to be used and 
the leakage path would then be proportionately much greater. This 
smaller diameter again increases the number of rows of blades. . 

Gove1'ning on the reaction machines must be done by throttling, 
which is a los not experienced by the impulse type, which cuts out 
more or less nozzles t o uit the load. In the reaction t ype overloads 
are obtained by passing high pressure steam into the low pressure stages, 
which is not conomical. 

In order to reduce some of these disadvantages, the Double Flow 
type of reaction turbine was introduced (Fig. 3). In this machine steam 
was introduced at the centre and flowed towards both ends, thus elimin at­
ing the dummy pistons, as the end thrust was balanced and the efiect 
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thus neutrabsed. On the other hand, dividing the steam into two paths 
for the same volume, the blades required only to be half the l ngth, 
which increa es the inefficiency. Thi Double Flow type therefore finds 
its best market for use with low pre sure steam, when the volume of the 
steam becomes large enough for the use of long blade . 

DISC AND DRUM TURBINES. 

These are combined machin s u ing a velocity element which r -
places the high pressure portion of th reaction machine (Fig. 3). They 
are made both single and double flow and have many advantage com­
pared with the traight reaction type, which ar as follo\\·s :-

In addition to the u uaJ throttle governing, the use of nozzle in 
connection with the velocity element allows cutting in or out of nozzles 
to uit the load. 

Due to the considerable faJl of pressure and temperature in the 
nozzle , the turbine cylind r has to withstand a very much reduced ri k 
of di tortion, and thi feature al o aJlows the use of a higher degree of 
superheat. 

Th efficiency of the turbine is much improved, as the greatest loss 
in the reaction tyr: is in the high pr s ·ure part due to the . hort blades 
and the proportionate large leakage paths. 

The J ngth of the spindle i much r duced. 

So important are these advantages that practically aJl the Briti h 
and Continental mak rs of the straight reaction machines, including 

· Messrs. Parsons, have made the change. 

lMPUL E T RBINES. 

Though the disc and drum machines are a distin t improYem nt 
over the straight reaction type, till ome disadvantage remain . which 
arc ebminated altogether in th impulse type (Fig. 4). 

The impulse principle, as before m ntioned, may be u ed in t.wo 
way , namely, by compounding by velocity and c mpounding by pre sure. 

ome makers use one method, _ome the other, and some both. The last 
appears the be t, a comr:ounding by velocity can be u eel with adYantage 
in the high pre ure portion, e 1:ecially where . uperheat is us d on ac­
count of th d1 yness of 1.h team. ln th u c ling stage, how ver, 
the steam becomes wett r and th frictional losses incr aoe at th high 
velociti s U~(d, thu compounding by pr sure i more advi able in the 
lower tage . 

TEAM TuRm 'E SPEEDS. 

The efficiency of the turbine increa es with the speed, and many 
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advantages are obtained by running them as fa t as the generators to 
which they are attached will permit. 

By building alternating current generators with smooth cylindrical 
fields, the evolution of high-speed turbines has been rapid, though some 
makers still stick to the alient pole type; which type cannot well be 
built to withstand high speeds. 

With direct m-rent generator , centrifugal stresses are reduced by 
building the armatures smaller in diamet r and of greater length. One 
difficulty, namely, that of collecting the current from a fast revolving 
commutator is overcome by the u e of a radial faced commutator, which 
avoids entirely troubles due to cross axial vibration. 

In addition to high peeds reducing the cost of turbine , the weight 
and floor space are redu ed, the factor of safety is increased, as joints 
are avoided and flaws in th materials are more easily detected than in 
any construction requiring large castings or forgings ; further, the peri­
pheral speed i not increased and the centrifugal stres e are reduced. 

As an example, to how th aving that an be effected in a 1,000 K.W. 
turbine at 1,8oo R.P. L, the length betw n bearings wa 12 it. 7~ in., 
weight 7,000 lb ., maximum drum diameter 37! in., and the number of 
rows of blading 2. These dimen ions for a 1,000 K.W. machine " ·ere, 
running at 3,6oo R.P .M., re. pectively ft. 8 in. , 2,ooo lb . . 20 in., and 49 
rows of blades. The fficiency of the high r speed nnchine wa 4t per 
cent. better than the lower peed. 

EFFECTS OF PRE SURE, VACUUM A 1D SUPERHEAT. 

\iVhile advantage in steam economy results from increa ing the 
pre sure, vacuum and uperheat. care must be taken that these are not 
increased above a point where the ad vantage is obtained at too great 
an expens . 

The t mperature ntropy diagram (Fig. 5) sho\1" diagrammatically 
th heat content of team betw en various limits and illustrates in a 
simple manner the energy avail able. The increase of entropy b tween 
two temperatures equal the ummation of all the quotient arising by 
dividing each small quantity of heat added by the ab olute temperature 
at which it is added. Thus, if equal quantities of heat are added, while 
the values of the temperature increase, the quotient are not equal, but 
are con tantly d crea ing. E ntropy is approximat ly qual to the 
quantity of heat added, divided by the m an ~bsolute temperature. To 
construct thi diagram , from the properti s of aturated st am tables, 
the line showing the heat add d i taken, then the heat of vapori ation 
is drawn, thi being horizontal, as no increa e in temperature takes place, 
adiabatic expan ion takes place, without receiving or giving up heat, 
and the diagram is then completed by the heat exhau ting at con tant 
temperature. 
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The diagram shows very forcibly that as the pres ures increase the 
energy increase gets smaller and, consequently, as higher pres ures need 
more expensive boilers and pipings, about r6o to r8o lbs., according to 
size of plant, i probably as high a the economy of steam warrants. 

imilarly with superheat, as above, about rso degree uperheat, the 
economy in steam is neutrali eel by the in creased eo t and maintenance 
of the superheaters, etc. (Fig. 6). 

. From a paper by l\Ir. E. Dreyfu I how an intere ting curve, which 
1llu trate the above, and a! o one showing the relative value of difierent 
vacua (Fig. 7). 

EXHAU T TEAM T URBINES. 

The high efficiency with which the turbine works on low pressures 
has open cl up an immense fi Id, an l wherever additional power is required 
this method of dealing with it claims very serious consideration. · 

For low pressur work the same objections do not apply to the re­
action type, particularly the double flow, as do in high pressure work, 
as the volume of team to be dealt with being so much greater the blades 
can be made of reasonable proportions. 

The follow ing are the condition usually met with :-

(r) A con tant supply of exhaust steam from either condensing or 
nonconden ing engines. 

Thi condition may be met by the pure exhaust turbine, steam 
being admitted about atmospheric pressure and expanded to vacuum. 
It may be provided with an auxiliary reducing valve to enable high 
pressure steam reduced to exhaust pressure to be utilized should the 
steam consumption of the engine be r duced or stopp cl for any reason. 
Thi reducing valve addition is not intended for frequent use, if such were 
demanded a mixed pressure turbine would be more uitable, but where 
the supply i sufficient and continuous the pure exhau t machine i more 
de irable, being more efficient than a mixed pres ur machine. 

The amount of steam required per kilowatt hour in an exhaust 
turbine is from 35 to 40 lbs. of steam at atmospheric pressure and ex­
hausting into 28" vacuum. Assuming then a nonconden ing engine taking 
40 lbs. of steam per K.W. hour, it is obvious that the output of the plant 
could be doubled by the addition of an exhaust turbine and condenser 
without increasing the boiler plant or fuel bill or any other expense than 
the capital charges and a little extra labour, or, in other words, the cost 
of the K.W. hour would be nearly halved. · · · · · . · . · · · 

. In the case of condensing engines, even though fairly efficient, a large 
mcrease of power and diminished rate of steam consumption can be 
shown . . 
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. A suming a reciprocating engine d veloping r,ooo K.W. condensing 
and consuming twenty pounds of steam per K.W. hour, the steam available 
will then be twenty thousand pounds per hour, which would develop in 
an exhaust steam turbine a further soo K.W. For the same team 
consumption and with the same cut off, the output of the engine " ·ould 
be reduced, say, twenty per cent. under these conditions, so the total 
output from engine and turbine would be 1,300 IC\i\. for twenty thousand 
pounds of steam, or 15-4 pounds of steam per K.W. hour, as against 
twenty pounds with the engine alone, and with the same coal consumption 
an increa e of thirty per cent. in output. 

If it be possible by incJ:easing th cut off to maintain the full output 
of the engine, one would get, say, r , oo K. vV. at twenty-five pounds per 
K.W. hour from the engine, and from the turbine 625 K.W. , or a total 
output of r,625 K. W. for twenty-five thousand pounds of steam, which 
again gives you 15-4 pounds of team per K .W. hour. 

A fairly efficient reciprocator has been assumed in the example given. 
It will be obvious that the less fficient the engine the greater will be 
the demonstratable advantage of laying down exhaust-steam turbines 
to work in conjunction with them. 

(z) An intermittent upply of exhau t steam from variou ources, 
such as winding engines, rolling mills, .steam hammer , etc. 

There are two ways of dealing with thi , the fir t is by u ing a pure 
exhaust turbine, in the cases where the period when no xhaust steam is 
available is short, together with a heat accumulator. This is installed 
between thP engine and th turbine and consists of a large res rvoir of 
water, the exhaust steam i passed through this, which heats the water 
to saturation temperature ; some is condensed, and the rest pas es on 
to the turbine. \ -'l' hen the exhaust supply ceases the pressure in the 
accumulator falls slightly and a certain amount of water boils off and keeps 
the turbine running until the engine again exhausts into the re ervoir. 
When the period of ces ation of supply of exhaust steam i , ay, longer 
than two minutes thi svstem will not do and instead of it a mixed pre ure 
turbine would be reconim nded. 

A mixed pr sure turbine (fig. 4) i imilar to a high pre ure turbine, 
but has an additional inlet to introduce team at about atmo pheric 
pressure, which steam combines with that already expanded to atmosphere, 
the whole undergoing further expansion to vacuum. By the use o{ an 
automatic governor, whenever the supply of exhaust steam is insufficient 
to maintain the output of the machine the governor automatically operates 
the high pressure steam valve and admits the requisite amount of h.p. 
steam to the high pre sure portion. Thi makes an extremely ela tic 
machine and though not so efficient by about 5 per cent. as a pure exhaust 
turbine, i more commonly used. 



J. R. W. GARDAM 0 THE STEAM TURBI:t\E. 

(3) Instances where large quantities of low pressure steam are 
required for heating, boiling, etc., and high pressure steam for engine 
work. 

Large hospitals, chemical works, sugar factories, breweries, and 
similar places frequently require steam at two pressures, and the lower 
pressure is generally supplied through a reducing valve. Instead of a 
reducing valve a back pressure turbine may be installed. Tlli.s uses 
lli.gh pressure steam only and exhausts against a back pressure varying 
from atmosphere to 70 lbs. gauge, according to the purpose for which 
the steam is used after it leaves the turbine, or a reducing turbine may 
be used in which one part of the h.p. team, after going through the 
high pressure portion of the turbine and then is used for heating purposes, 
and the remainder of the h.p. steam is utilized in the low pressure part 
of the turbine. 

In conclusion, though I have not touched on a va t number of in­
tere ting points in steam turbine work, I trust that the information 
given may prove of benefit to the members. 

[ l~ or diagram s see end of book. The Author also illu trated his 
paper with a number of lantern slides.) 

DISG:USSION. 

:\1.R. E. . HUME said : I wa very much intere ted and pleased 
with :\1r. Gardam's paper, and am sure it will prove of great value and 
use to the members of the Institution . In connection therewith, as 
usual, 1 look to the practical side of the paper in order to see what eco­
nomi s are introduced or advantage in the way of labor saving wllich can 
be effected by the study of such a paper. I noticed that Mr. Gardam 
refers to the tu rbine being used for driving compr ssors. By the word 
compressor l understand the author refers to air compressors, and I 
would be pleased to get further in formation on that subject from the 
author concern ing the power of a turbine which would be capable of 
compressing 8oo cub. ft. of free air per minute to a pressure of roo lbs. 
to the square inch , and also the approximate cost of such a turbine and 
air compressor complete, and the space it would take up compared with 
an engine of ordinary reciprocating type and compressor of usual type, 
such as made by the lnger oll-Rand Co. Then in connection with the 
mixed pressure turbine referred to by the author, I wou1d be obliged if 
he would give the following information, viz. :-

I. The most suitable and economical position for a condenser ; 

2. Should it be put in alongside the turbine ? or 

3· Is it more economical to put the turbine on a stand and the 
conden. er underneath it ? or 



DISCUSSION ON TilE STEAM TURBINE. 49 

4· Excavate for the condenser and place the turbine and ge­
nerator on girders across uch excavation ? and 

5· '"hat, from the author's experience of these mixed pres ure 
plants, is the most economical in first cost and maintenance 
of these three different method ? al o 

6. What should be the temperature of the conden. er water 
and the Yolume of water required to secure the 28.5 inches 
of vacuum relerred to by :Mr. Gardam in a mixed pressure 
turbine of, say, soo K.\V. alternating type, zoo volt , so 
cycles, where xhaust si. am available is from other engines 
in the same power house with a con umption of 10,000 lbs. 
per hour on an average? 

MR. H. BROADBE ' T aid : The author has left little room for dis­
cussion on his paper, a he has kept o close to th generally accepted 
statements as to what turbin could do and are doing. I would lik to 
hav~ heard that in the smaller sizes greater economy had been obtained, 
but 1t appear cl that up to sizes capable of driving a 1,000 K.W. generator 
the reciprocating engin i still as economical. "Cnfortunately, there 
appeared to be no immediat prospect of units of a large ize being used 
in this tate for any purpo e, o that it i. no use coY ting the undoubted 
efficienci s of large turbines. A very few years ago makers of direct 
current generators fought very hy of the quick rotating turbine, but, of 
course, the inevitable had to be faced, and now makers have n arly 
ov rcome all their initial trouble , which \\"ill be greatly welcomed in 
those centr s where " continuous current " is desirable. A we can find 
no work for the larger izes of turbine and the smaller ones show us 
no advantage in running costs, we can only look to the exhaust or mixed 
pressure turbine as being likely to be of much use in thi tate. The 
figures quoted, although on fir t acquaintance they read more like 
fairy stori , are no doubt obtainable und r the condition laid down. 
The author points out the condition u ually to be met with where an 
exhaust turbine could be economically installed, and I haYe no doubt 
that on several of th large min s on the goldfield they could pr fitably 
be erected if the condensing arrangements were uitable. 1 aturally, 
no fixed rule could apply for the adoption of these turbines ; for in tance, 
in the works with which I am connected the consumption of fuel amounts 
to about 12,000 tons I er annuin, but by no feasible combination of re­
ciprocating and exhaust turbines could one-third of that fuel be saved. 
An ordinary lectricity supply tation with a load factor of about 20 
per cent. and a very fluctuating output would have to adopt a very 
complicated combination to derive any appreciable benefit. Either a 
separate turbine would have to be attached to each engine, or a larger 
turbine common to a group of generator ; in either ea e one generator 
would be capable for a good many hours of the day to cope with the load 
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without the a i tance of th turbine, consequently the load being divided 
between the two, neither ·would be working economically, and more 
attention would be required than in the case of only one unit at work. 
In the ea e of grouping to one turbine, th advantage of having ab­
solutely independent units would be lost. No doubt for a certain portion 
of the day or evening it would be po sible to show an economy, but in 
a case like the one I have in mind I am afraid that the extra trouble 
and complication would counterbalance the saving in fu el effected. 
Th re is no doubt the turbine vvill be the large prime mover for many 
year to come, and I should have been plea eel if the author had given 
u one or two example of the very large installations now at work and 
if po sible their economy under actual working conditions. The author 
tated that the maintenance of turbines is small : I hould like to know 

if he can amplify that, and if pos ible give u an idea of the state of the 
blade of a large turbine after years of running, and ii the effici ncy 
drops till renewal of blad IS nee s. ary. 

MI. G. H. RANDELL said: In setting out the cliff rence between 
the pre sure and impulse types of turbine Mr. Gardam says: " In the 
reaction type the nozzle and wheel are one, the wheel moving in the 
opposite direction to the steam with the same velocity, and the whole 
pressure drop taking place in the wheel it elf." 1'\ow in the pressure 
type, partial expansion tal<es place in the guide Yanes, thu giving the 
steam increased velocity , and th nergy of the steam impinging on the 
moving Yanes is therefore partly kinetic. This kinetic energy is given 
up to the moving vanes and thu the pre sure type works partly by 
impul e, and I maintain that th re is no hard and fast difference between 
the two. I do not see how in the pre ure type the nozzle and wheel are 
one, or that the steam flows at the same velocity as and in the opposite 
direction to the moving blad , that is at an angle of r8o degree . Re­
garding the " t mperature entropy " diagram which the author showed 
u for illu trating the aYailable en rgy of team in the lower tages, al­
though this illustrates the idea very clearly to those who have a clear 
perception of entropy, I think in a mixed institution like our , where 
some of us are not experts in " Thermo Dynamics," a furth r explanation 
might have been helpful. · ow the work done by a ga in expanding 
is equal to th pressure multiplied by the increase in volume. Taking 
on lb. of steam at IZO lbs. pressure per square inch (abs.) , let it be ex­
pand cl down to 6o lbs. per squar inch. Assuming that the t am in 
expanding obeys " Boyle's Law " (which it does near enough for our 
purpo e), the volume will be doubled in expand ing from IZO lbs. to 6o 
lbs. Also in expanding from IZO lbs. (abs.) down to ·937 lb ., absolute. 
We hav the following expan ions :- Above atmo phere: IZO lbs. to 6o, 
6o lbs. to 30, 30 lbs. to IS ; below atmosphere: IS lbs. to 7-S, 7·5 lbs. to 
3·7S , 3·75 lbs. to r.87s, r.875 lbs. to ·937 · All these energy steps are 
equal, so we ee that from IZO lbs. do·wn to atmosphere we have there 
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expam,ions, and from atmosphere down to approximately z8" of vacuum 
we have four expansions. From this we see that with an initial pressure 
of rzo lbs. there is more energy in the steam in the lower than in the 
higher range, working to z8" of vacuum. However, a large 
percentage of the available energy in the lower range is lost by con­
densation of the steam. I do not think the author's explanation of the 
water accumulator used in connection with exhaust turbines quite clear. 
He ays "The exhaust steam from the supply is passed through water, 
heating the water to ' saturation temperature.' " I do not realize the 
meaning of " saturation temperature" of water. 1ow the steam passing 
through the water first condenses, giving up its sensible and latent heat 
until the water is raised to the temperature of the steam, then the steam 
passes on through the water at its saturation temp rature for the pressUle 
then existing in the system, and the water and steam remain in a state 
of equ'ilibrium. Now if the supply of exhaust steam fail , the pressUle 
throughout the system falls and for this lower pressure the steam and 
water are in a condition of superheat and ebullition occurs supplying 
the turbine with steam at a reduced pressure. In concluding the e 
remarks, I wi h to ex1 ress my appreciation of Mr. Gardam's paper, which 
I think contained much useful information . 

MR. J. R. W. GARDAM, in reply to Mr. Hume, said that it may be of 
interest to members to explain that the uitability of the steam turbine 
for driving air compressors and blowers is due to the very high angula!· 
velocities obtainable, without wh ich the principal of centrifugal water 
pumps for use with gases was not possible owing to the difference in 
densities between a fluid and a gas and to the latter being compressible 
The lower the density of the gas the higher will be the speed necessary to 
obtain equivalent pressure. Though many sizes of turbo compressors 
and blowers have been built under Prof. Rateau' patents, the full range 
of sizes has not been fully developed, and on communicating with the 
works I was informed that one of so small a size as Mr. Hume asks par­
ticulars for has not yet been built, and, consequently, I regret not being 
able to give the information de ired. With regard to the best po ition 
for a conden er attached to a steam turbine, due to difficulty of preventing 
air leaking into a high vacuum, it is always advisable to reduce to the 
utmo t C(egree the length of connection between the exhaust outlet and 
the condenser. It has consequently become absolutely gen ral practice 
to suspend the condenser from the exhaust outlet, which in addition 
ensures the best drainage. I vvould in the case suggested strongly ad­
vocate excavating a pit for the condenser and erect the turbine on girders 
at floor level. As to the temperature and volume of the circulating 
water to produce 28.5" vacuum, th se are dependent on the inlet and 
outlet temperatures and are approximately as follows :- ince each 
pound of water will extract one B.Th.U. and as the temperature of steam 
at that degree of vacuum is 90.24 degrees, the heat to be got rid of is 
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the total heat of steam, Yiz., I ,I7 les 90.24, say r ,o B.Th.'C. As­
suming the inlet water is 6o degrees Fah. , then 30 degrees may be added 
to it, and consequently 36 lbs. of water per lb. of steam will be required, 
or a total 36 ,ooo gallons per hour. If the inlet water is 70 degree , then 
54,000 gallons will be required. To obtain a 28" vacuum the quantities 
would be 27 ,ooo and 36,ooo gallons with inlet water at 6o degrees and 
70 degrees, re pectively. ln reply to h. Broadbent, I do not agree with 
his view r garding the future of turbines in this tate, that there is no work 
for large izes, and no use for small one . I think even down to very small 
izes that th other advantages in using turbines ar of real importance ,eYen 

if no saving in fuel and water is obtained, including reliability , maintenance, 
attendance. aving in pace, increas d output, etc. The efficiency of the 
turbine is unaltered after years of operation, while w know how this 
falls off in reciprocators , and as regards reliability, l haYe r cords of 
turbines running continuously with ut a stop or adjustment for I4 
months, which, vvhile not desirable, could not be done with a reciprocator, 
owing to the attention the valve g ar, piston rings, piston and valve 
rod packings, etc., require. l<.cgarding the maintenance of turbines, 
there arc no rubbing parts save the main bearings, which, being water­
cooled and not subject to reversal shocks, have a considerable li f . The 
blades are not affected by long service, unles the feed water contains 
active chemicals in whi h ea e ro ion may occur. l have een turbines 
open d up after many years' operation hewing ab olutely no wear. 
In reply to Mr. Randell, the d iffe rence between the impulse and 
reaction principle is quite marked, though one i liable to be mi led by 
con id ring that the Parsons machine operates on both principl s. In 
reality, however, the velocity imparted to the team is little more than 
sufficient to enable the team to enter the moving blades without shock. 
The best analogy by ·which to ex1)lain th two principle is a falling ball. 
In falljng it lo pot ntial and gain kinetic en rgy and strikes the floor 
with an impuls whi h deforms th bal\ and floor, and being la tic they en­
deavour to regain their normal hapes , which force the ball up by reaction. 
Th speed of an impul e \\'heel mu t be hali tl1e pe cl of the team , in 
order to use all the velocity in the steam, a the steam mu t rebound 
from the blades at the same speed a the blade are traYel1ing at. The 
wheel must travel in· the same direction as the team. In the ea e of 
the reaction type in order to utiliz all the velocity in the team the 
blades must mov backwards with the ame velocity th steam i travell­
ing at. 



TIMBER ROAD BRIDGE 

(Bv ]. E. G. TuR ' BULL:) 

1 n the history of civilization various periods have been distinguished 
by pecific titles such as the ton age, the bronze age, and the iron age. 
' i milarly the history of bridge construction may b divided into the 
stone age, the timber age, th iron and teel age, and, lastly, the reinforced 
concrete age. In our State of \\'estern Australia the " tone age" of 
bridge construction ha scarcely dawned, or at any rate ha not deYeloped 
beyond an early-morning stage, for t the be t of my knowledge there i 
no xampl of a brick or ma onry arch-road bridge in the tate. o, 
too , the progress of iron and ste 1 bridge construction ha not proceeded 
Yer · rapidly nor to a marked extent; the fe"· teel road bridg s that do 
exist ar railway OYerbridges, the largest f which are those at Beaufort 
Street and \\'illi am Street , (and we ar hoping oon to ee another at 
:Melbourne Road). 

Although reinforced concrete has begun to be u d to a con iderable 
xient for buildings, and in ome departments of engine ring con truction, 

it has not. ·et been employed in a road bridge in ·we tern Australia; o 
that f r all practical purposes we may be said t.o be still in the timber 
age of bridge con truction. 

This is, no doubt, th in vitable consequence of the distribution of 
the natural r ources of the country. Our building . tones are eith r 
too expen ive to obtain and work, rare deficient in quality; local brick 
have not b en of that uniformly high character as regard hard ne ·s and 
durability requisite to induce engin ers to use them with confidence in 
such important works a ar heel bridges. Iron and steel have to be 
import d at great cost and cl lay, and no natural cement have yet been 
discovered. Whereas our local timbers are of the highest quality in 
r pect to both durability and trength, the upply i well-nigh inexhaust­
ible, their co t is, or at any rat has been till quite recently, very moderate, 
and the killed labour required for their manipulation has been more 
readily obtain able than for other mat rials of construction. H nee it 
follows that when one proposes to cl al with road bridges a they exi t 
in W st rn ustralia the fi ld is practically r tricted to those built of 
timber. 

The first timber bridg no doubt was er ated wh n om Dan1·inian 
ancestor of ours found a prostrate monarch of the forest fallen conveniently 
acro s a gorg or tream, which he wished to cross, and he gratefully took 
pa age th r by. 

Primitive man took a le ·son from similar accident and made his 
first e say in bridge building by felling a tree so a to lie acro the stream 
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to be crossed, amplifying the construction later on by the addition of 
a second tree parallel to' the first, with perhaps a third and fourth, ac­
cording to the width of roadway required. Saplings or branches laid 
tran versely upon thes to form a deck or rough roadway would be the 
next development. To make the going urer for hor es and moother 
for wheeled vehicles a layer of earth or gravel would be placed on top of 
the corduroy deck, and a very serviceable bridge "·ould result. uch 
type of bridge may still 1 e een in the country di tricts, where economy 
i the prime con ideration, though a kerb or gravel log and a rough handrail 
are generally added. The defects of thi type of bridge are a roughne 
of appearance, which, though at first perhaps not unpl asing from it 
air of rugg d simplicity, may oon deteriorate into unkemptnes and dis­
ruption unle s a considerable amount of labour and car i expended 
upon all joints and scarfs; and secondly, the earth covering of the floor by 
retaining moi lure promot decay and further prevent the progress 
o[ the decay being noticed until perhaps an accident r sults from collapse 
of some part of the flooring, when it becomes necessary to remove the 
gravel to allow of repairs being carried out. 

If a deck of sawn or hewn planks b sub tituted for the saplings 
the bridge will be greatly improved and the need for the gravel top i 
not o apparent. 

Bridge with uch uperst ructure have been constructed by our 
own Public Works Department where suitable timber has been 
plentiful in the locality. The considerations which decid whether 
such round logs hall be employed in preference to sawn beams are 
the occutT nee of suitable trees near the site and the cost of 
preparing them, as against the expense of purcha ing and tran -
porting sawn beam from a distant mill. A in all engineering 
con truction, it resolves it. elf into a question of achieving 
the de ired end at the lowe t ultimate eo t. If nece ary to study ap­
p arance, the round log may be hewn square, though it eems hardly 
worth while to put in thi additional labour for o little advantage, par­
ticularly as this squaring omewhat r due the strength of the beams. 

o far only the superstructure has been mentioned, but the ingle­
span bridge soon reache its limit and the majority of gullies and streams 
require everal spans, and the question of ubstructure has then to be 
con idered. 

The piers vvhich constitute the substructure may be built of masonry, 
and we have example of such, though more generally the u e of ma onry 
has been confined to the abutments, as in the case of the Fremantle 
road bridge over the wan River. The pier usually con i t of piles 
driven into the ground, connected together at the top by caps (single 
or halved) on which rest the corbels or beams. v\ here there is sufficient 
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depth of compact soil the piles are driven till t hey sati fy a test, which 
t akes the form such as " for the last foot of driving the piles shall not 
sink more than, say, i in ch for each blow of a 20 cwt . ram falling feet." 
The exact t erms of the t est will vary wit h the judgment of t he engineer, 
but a minimum depth of driving should be specified. If there is a rocky 
substratum it will be sufficient to drive t heret o, provided the urface 
soil is deep enough t o give adequate upport to the piles. If the surface 
soil is shallow, or there is li ability to scour , it may be necessary to blast 
t he rock and drive or plant the piles, a may best suit t he conditions. 

When the rock is on or clo e to the surface it is usually found most 
sati fact ory to place t he piles on a sill, which may be secured by lewis 
or cranked bolts either t o the rock itself or to a concrete footi ng bui lt 
u~nilierod . · 

The number of piles to a pier depends, of cour e, upon the width 
of t he bridge and the loads t o be carried, and to some extent upon the 
height of t he pier. In t he t andard de ign of t he Public VVorks 
Department of >Ne t ern Australia t here are three piles to a pier for 
bridges up to r 6 f t wide. 

Up to a height of 17 fee t of pier t he piles are driven vert ically, but 
above that height t h outer pil s. are driven to a batter to give greater 
lateral stability by increasing t he pread at the base. 

Up t o a height of feet no bracing is nece sary . Above this height 
brace are provided. As braces to be effective hould not be at a steeper 
angle than 6oo t o the hori zont al, it follows that when t he pier reaches 
a height of a little more than the widt h of the bridge a single brace be­
comes too st eep for efii.ciency, and, incidentally, t oo long for ea y handEng. 
Then the pier is divided, as it were, into st ori es by horizontal waEngs 
and each st orey ha its own diagonal bracing. Theoretically a single 
brace would be suffi cient and t he double cro s-bracing usually employed 
is trictly speaking r dundant , l u t as the single brace, to be equally 
effective in preventing rocking in either dir ction, should be capable 
of t aking up compressive or ten ile stresses indifie rently, and a the 
impl bolting does not furni h a perfectly satisfactory tension joint , the 

counter-brace i advisable t o ensure the stre son t he bracing b ing always 
compressive. 

The ection of braces and waling is a matter of judgment and ex­
perience, rather than exact calculation , but they hould be in some kind 
of proporti on to their length. In practice the sizes u ed are generally 
amply trong and quite a small brace will effectively stiffen a large pier, 
providing the fastening is well done. The brace hould be brought' into 
clo e contact with the pile by fl attening the pile where necessary, or , 
rather better, by cutting a not ch into which the brac fi ts well . A furt her 
refinement is t o have a cog cut on the pile with a not ch in the brace. 
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It is doubtful whether the gain in fficiency i commen urate with the 
extra trouble and co t involved. If the cogging were perfectly fitted, 
and always remained so, thi practice might be worth while, but a hrink­
age and consequent loo eness of fit always take place, the work must 
eventually b taken up largely by the bolts and the extra labour is wasted 
or partly so. Th braces ought to have a good bearing against the cap 
and walings ; in some old bridges the brace ends were notched into 
the walings, but not o much attention is paid to thi point nowadays. 
With silled pier ratlkr more care and attention should be deYoted to 
the bracing, as the tenoned piles not being upported like driYen pile 
by the surrounding earth , there will be more tendency to lateral swaying. 
Where the bridge i · over a perman nt str am it i not usual to carry the 
bracing below summer water 1 \"Cl ; and in our river th i would not 
leav · a great height unbraced. Extra lateral tiffnes · and stability may 
be s cured by driving tay piles and conn cting them with the main 
pil s o( the pier by waling and I rac s. 'ometime a single tay pile 
on the down tr am side has been used as a buttre s against flood pres ure ·, 
but the l: ublic Works D partment standard de ign pr vides stay piles 
on b th ·ides for tall piers. 

\\'hen driven, the capping o( the pile completes the pier. This i · 
u ually effected nowada ·s by doubl half-cap resting on shoulder cut 
on th pile-head · and ecured by holt · passing through th piles. The 
form r practice was to ha\·e a so lid cap morticed over tenon · cut on the 
tops of the pile and secured by hardwood pins or trenail , or om times 
wrot iron strap . The modern method has the advantage that the maller 
timber of the halfcap is cheaper; it i lighter and there fore more easily 
hand) d; with the ame a mount of timber a longer and more table 
bearing for the corbels or beams is provid cl by halfcaps than cap . The 
slighter timb r of the halfcap is more fl exible and can iher fore be more 
r adily adjusted in case of impede t a lignment of the pil s. On the 
other hand, the cap has a beLt r bearing on the pile, and no doubt the 
old-fa hion d bridge build r would prefer wood n pin to iron bolts. 
Though the half-cap is the fashion h re, the olid cap has plenty of friend , 
and there are undoubtedly points in favour of each m thod, and p rhap 
some members of wider exp rience and maturer judgment than the 
pre ent writ r may be able to det rmine the balance of advantage. ati -
factorily. The piers o[ the substructure being completed, the uper-
tru ture has then to be mpla d and the essentials are a deck of planks 

and longitudinal beams or st ringer to arry it. 

Ther may or may not be c rl els under the beams at th ir b a ring. 
\\'ith ·olicl aps it was the pra ti to omit the corb 1 and lap-joint or 
scarf th b ams over the pier , th 1 r : nt general method i to provide 
corbels and butt-joint the beams upon them. The u e of the corbel 
allow f r gular pacing and perfect alignment of the beam , and giv 
a tiffer j int than the scarf with le s labour. Th r i one point regarding 
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corbels which hould be mentioned, and that is the ambiguity which 
they may introduce into calculations. Given the pan of a beam and 
the load upon it, any engineering pupil can compute the bending moment, 
and, the working stress being determined upon , he can compute the 
factor of af ty of an existing beam or the section of new beam required. 
When there i no corbel he may take the clear span between caps as the 
basis of his calculations, or, to "make a surance doubly sure," the distance 
between centr s of piers. But when the corbel is introduced what di­
mension shall he adopt as the span of his beam ? No authority will 
allow him to take the clear opening between the corbels and in the ab ence 
of a definite rule he usually falls back on the span between centres again. 

o that for a given load he will derive the same section for the beam, 
whether a corbel be used or not, which certainly does not seem quite 
logical. There cannot be any safer way of determining the case of the 
beam vvithout corbel than that suggested, and as the corbel must surely 
stiffen the beam there ought to be some allowance made for it in deciding 
the section. The problem doe not eem to admit of any exact olution 
and the corbel are frequently regarded merely as joint plates, which 
view errs, if at all, on the ide of safety. The Public Works Department 
standard de ign recognise the stifiening fiect of the corbel by making the 
end spans two feet les than the main pans, the corbel being omitted on 
abutment piers. If the corbel be regard d merely as a fi h plate it might 
with economy be made somewhat shallow r than is u ually the case, ?·.e .. of 
similar depth to the beam it supports. In any individual case a few tnals 
could soon determine the mo .t economical length of span, having r eard 
to the relative costs of piers and beam ; for P.W.D. bridges th standard 
has been fixed at zo feet, which i about the limit for beams of moderate 
size, and was determined as the result of many years of experience with 
vanous spans. 

For long spans shallow beams may be used with under-strut to 
stifien them. To be permanently effective, this arrangement ought to 
be made so as to be adjustable after shrinkage, but as thi would introduce 
some complication (of wedges, etc.) it is not u ually done, and after a 

. time distortion will take place unles · the maintenance be very thorough, 
which it u ually is not. 

If sea oned timber be used for such trutted work there can be 
no objection to it employment, provided the joints are well designed 
and properly fitted. 

The old road bridge over the wan River, at Fremantle, wa the 
most striking local example of this type of con truction, and it did good 
service for about thirty y ars. Built in the '6o's, when appliance and 
plant were not so ea ily procurable as now, and before the advent of 
railways, the builders could not readily obtain nor drive very long piles. 
But the piers had to be high to give h ad room for th river traffic, so 
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they were b1+ilt up in two stages, the cap of the first or driven piles forming 
the ill for the piles of the next stage. The majority of the spans were 
about 25 feet and the deck beams were stiffened by under-struts, wihch 
also served, aided by longitudinal ties, to brace the piers, these being 
also elaborately braced laterally. The two navigation openings were 
about 47 feet span and the arrangement of truss and under-strutting 
adopted was extremely complicated, and it would be a good exercise for 
students to compute the stresses on the various struts, beams and ties 
of this design. 

In spite of its imperfections this bridge had an honourable career 
and the greater part of the substructure still exists and continues, in 
spite of some deformities, to carry the tramway to orth Fremantle. 
Much of it is, however, shortly to be removed and replaced by new piers. 

The strutted beams were repeated in the later work in this bridge 
(and its extension) in order to use as much as possible of the old structure 
and to retain uniformity, but it is more usual in long spans to adopt a 
framed girder or truss. 

The understrut can have only a very limited application, for with 
spans of great length the struts would require to be so long and of so large 
section that an intermediate pier with smaller beams woulcl be more 
economical. Other objections to understruts are that they are liable 
to damage by floating logs during floods and by boats where over a chan­
nel, and they may be inconvenient because of the reduction of headroom 
they cause. 

Most of our bridges which cross a navigable channel have a truss 
span of 40 feet or thereabouts, the truss adopted being of the form 
sometimes known as the " New Zealand " truss, and introduced into 
use here by the late Mr. C. Y. O'Connor when Engineer-in-Chief 
for this State. In such a truss the diagonal members are all in 
compression, and the vertical tension members being formed 
of iron rods, the only tension member of timber is the lower 
chord or boom. In the central panels counterbraces are inserted 
to take up the stress when any distribution of the loading should 
cause a tendency for the main diagonals to come into tension. The 
composite nature of this truss permits of adjustment by screwing up the 
tension rods or bolts from time to time, as shrinkage and vibration render 
it necessary. 

The cross-girders that carry the stringers on which the decking is 
laid are slung below by the vertical tension bolts. This seems on the whole 
a more desirable arrangement than to have them resting upon the lower 
chord, although it might be argued that it makes the safety of the bridge 
too entirely dependent upon the tension rods 
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In this method we increa e the minimum headroom by the depth 
of the lower boom, and betvveen the cro s-girders we get the ben fit of 
increased headroom to the amount of their height. Further, with the 
girders above the boom the joints would be complicat d by their oc­
currence at the panel point , also in the event of a er -girder r quiring 
renewal the replacement can be effected more readily and quickly in the 
underslung arrangement, a it can be done from below without stripping 
the deck. 

The ize of the cro s-girders might be reduced by placing them 
above the lower chord and spacing them more clo ely so that the tringers 
could be dispensed vvith. It would then be necessary to have longitudinal 
or diagonal decking piked directly to the cross-girder . This arrangement 
i sometimes adopted, though I am not aware of an example in 
Westt>rn Australia and think the usual method the better. 

The joints of the tru s require particular care in design and the 
thru t blocks hould be of well- elected hard and straight-grained timber. 
At the end of the lower chord sufficient timber mu t be left beyond the 
foot of the end diagonal to prevent detrusion or shearing along the grain. 

The truss is screwed up so as to have an initial camber for the sake 
of appearance and to pr vent any sagging when the load is put on. Lateral 
struts are fixed from the ends of the cross-girders to the top boom to 
keep the truss upright. When the span i so long that the lower boom 
would be inconveniently large if in one stick, it may be built up of two . or 
more, smaller sections. In uch ea e the pieces must be bolted or clamped 
together to en ure their acting as one piece. The bolt holes ar not 
desirable, as they weaken the boom by reducing its cross-sectional area, 
and on that account clamp are preferable. 

· The remaining detail of construction which I will mention is the 
wind bracing, which is fixed diagonally below the stringers to prevent 
lateral bending. 

There ar numerou other varieti s of timber trusses, all, no doubt, 
having their good points, but the general principles .are the same, and 
I have confined myself to the type used here. 

The deck planking i usually 3 in. in thickne , and though thi is 
in most cases rather stronger in proportion than the beams, it i not 
advi able to u e thinner decking on account of wear and tear, and because 
of the tendency of slight r planks to curl up. The deck hould be well 
spiked to the beams, though the tendency has been to rather overdo 
this work, as may be gathered by examination of bridges from below 
and noting how badly th beam are split in many ea es by the large 
deck pike used. The narrower th beam the wor e the case, and on 
thi account the width of beam ought not be le s than 6 in. , and in any 
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ea e th holes for spike should be bored. For 3 m. deck 6 in. spikes 
ar long enough. 

The question of covering the planks with metal is debatable. If 
aspt1alt were u ed the \\·ear on plank would be a\·ed and not much extra 
wei ht would be put on, and moistur would be excluded. 

Throughout the con truction, wherever possible, provi ion i made 
for hrinkage, o that timbers shall not be hanging on the bolt instead 
of re ting on their proper bearing: . To this end the hole throuah the 
half-caps and through the outer beam and corbels for the bolt which 
ecure them to the pile are slotted vertically, and the pile head ar cut 

off an inch below the top.;; of half-cap to prevent r iding of th corbels 
on lh tops of pile when the half-caps shrink. 

Th ends of th approa h bank., un les: the abutment b of stone, 
are g nerally retained by horizontal sh ting ·spiked to the backs o[ 
the pile · of the abutment piers and wings. l n some ca.·e the toe of the 
bank i allowed to run out beyond the abutment and it i then protected, 
if not of rocky material, by stone pitching. 

The widlh of a bridg will vary with the importance of the road, 
and the amount of traffic upon it. The minimum width of clear roadway 
pro\·ided by the Public Works Department tandard i 12 ft., and this 
i only used on the le s important country road , Lj. feet bein~ more 
u ual, r6 feet, zo feet or even 24 feet being adopted in bu y localities. 
In the narrowest bridges vehicles cannot pas one another and in the 
earlier year of the !1istory of W tern \u tralia all the bridge were 
narrow, from financial reasons. \Vhen the bridge wa of considerable 
length il was customary to provide an increJ.sed width over a couple 
of spans, about midway in th lenoth, to form a "turn-out" or 
"lay-by," On the old bridge ov r the Lower Canning, (which 
wa r moved about three years ago) by some over ight the nece sary 
turnout was not provided, although the roJ.dway wa too narrow 
(rzft. between handrails) for vehicle to pass one another. From 
each enJ up towards the centre there was a grade of about r in ro, 
so that it was not pos ible to ee from one end to the oth~r. To make 
matters wor , the· approache curved away in oppo ite direction at 
either end. The con equence was that it wa quite po sible for two 
driver to come on to the bridge from opposite end and not be aware 
of one another' p roximity until they almost met at the top. I have 
seen this happen more than once, together with the fore so 1e conclu ·ion, 
which was that after argument, and languag , one driver had 
to back his hors the whole way dO\\ n the steep grade and off 
the bridg -a very awkward and po sibly dangerou proceeding. 
In the new bridge which replaced this tructure the roadway ha- been 
made wicl , nough (r6 feet clear) to pr vent uch happening in the 
future and the grades have b en flattened con>iderably (r in 25). 
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A grade, unless of the flattest , is not desirable in a bridge, but several 
of the road bridg s of W .A. have been built with a "hump," as the 
above-mention d Canning Bridge and Perth Causeway. When one 
considers the low shores at thes :! site. and the high approaches and 
extra height of piers that would be necessary to keep the whole bridge 
at the same level, even with the very moderate headroom provided, 
the conclusion is forced that the designers did the best possible under 
the circumstances, however much they may have recognised the de­
sirability of dispensing with th ungraceful and inconvenient hump. 

There are many points which have not been touched upon, and I 
will briefly mention those I am most con ciou of : - The provision of a 
hand-railing and the neces:>ity for making the lowe-r portion sh ep and 
baby-proof ; the kerb to keep the wheels of vehicles from colliding with 
the hand-railing ; " escapes " for the ecurity of foot pa sengers ; the 
need for keeping the deck level well above flood water-mark ; the con­
sideration of the po sible ef[ et of the bridge and its approaches in banking 
up the flood waters above it and the necessary area o[ waterway to be 
provided to avoid this. 

In conclusion, I would ·ay that timber bridge:> have done yeoman 
service in this tat e and no doub t will continue to furni h t he bulk of 
bridge construction £or years to ome. n(ortunatcly, they are not o[ 
long life and no matter how well designed will not furnish a lasting monu­
ment to the skill of the builde rs. Their cheapness is their reco mmenda­
tion, but if the cost of large timbers continues to increase as it has done 
of late, it is quit on the cards that before long it may not be economical 
construction to use timber for important bridges, and more durable 
materials will be sought. In such case our engineers will have a chance 
to display their skill in the design and construction of steel bridge , and 
also probably in the use of reinfo rced concrete work, which, from the 
engineering stan lpoint , is, I think, a " consummation devoutly to be 
wish d. " 

DISCUSSION. 

MR. J. F. RAMSBOTHAM said :- The whole que tion of timber bridges 
and wharves is to the engineer from the " Old Country " an exceedingly 
interesting one, and, given money, an engineer can accomplish any 
engineering gymnastics. I have some doubts about the wi dom of using 
jarrah without heart in preferen e to jarrah with heart-not on the 
score of trength, but on the grounds of cost. For the undertaking I am 
at present engaged on the timber being admittedly u ed only for tem­
porary work, to have used jarrah with heart would have made a difference 
of £4,055, being about an addition of 25 per cent. Further than that 
my practical carpenters· tell me that hewn jarrah is considerably stronger 
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than sawn jarrah, as the hewers must hew with the grain. Again, further 
than that, the heart, which is the >veak part of the beam, occurs in the 
neutral axis, which is the best po~ition possible from an engineering point 
of view. Then again, I notice that exception having been taken to the 
heart for a beam, no exception is taken to the heart in a pile which carries 
the beam : the conclusions do not strike one as logical, and perhaps the 
author can throw some light on the question and, further, if the author 
can give any data on the relative strengths of jarrah with and without 
heart, I am sure it will add tb the value of his excellent paper. 



DOCKS: 

THEIR CO ISTRUCTIO r A D DE TRUCTION. 

(BY JoSHUA FIELDEN RAMSBOTHAM.} 

It is with a certain amount of diffidence that the Author consented 
to write a paper for the Western Australian Institution of Engineers, 
as there is a danger of hi being out of . ympathy with the meeting- as 
in choosing the ubject of his paper the Author has had to rely on work 
done in the " Old Country," at Liverpool. 

The Port of Liverpool is essentially a modern port, and it is the 
product of the geniu of man combating the forces of nature. and it 
may be mentioned that the fierce battle of " sea and sand " is still being 
waged night and day, year in, year out, and there is every probability 
of the fight going on ad infinitum_ 

The first dock was built in the year I7og, and in .the days of sailing 
ships the bar, which it may be mentioned is eleven miles from the mouth 
of the river, wa 1. nui ance, but not aggres. ive ; and accordingly the Port 
steadily grew in size, vvealth and importance. 

In I8go the incr ased size of steamers, the finality of which has 
not yet been reached, focussed all eyes on the Port, and it was a case 
of " to be or not to be." 

The Dock Board took the bull by the horns and had the first suction 
dredger in England equipped and commenced the fight under the guidance 
of their present Engine!!r-in-Chief, Mr. . nthony G. Lyster. 

From I go to I8g3 two small soo-ton hopp~rs had been extemporised' 
in I8g3 a larg suction dredger of 3,000 tons, the " Brancker," wa peci­
ally built, in I8gs another imilar dredger, viz., the " G. B. Crow," was 
built, and finally, in rgog, the "Lev~athan," a dredger having a nett 
hopper capacity of r8o,ooo cubic feet and capable of loading herself with 
ro,ooo tons of clean sand in fifty minute , was brought into the combat. 

In addition to this, training walls have had to be built to prevent 
erosion on the concave ide of the channel. " Time," the factor in all 
engineering problem of thi character, has yet to demonstrate the wi -
dom of thi procedure, but the results so far have been a success. 

urely it is no small performance to have, ince I go, removed 
I6I,072,62o ton of and from the bar ; and whereas in I8go there was 
only IO feet of water on the bar, there ~s now maintained a depth of 
30 feet 3 inches on L.W.O .. T. 
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The unit of cost works out, including all working charges and a 
proportion for actual superintendence but no allowance for interest on 
capital cost or depreciation, as follows:-

Wages ................... 23 pence per ton 
upplies . . . . . . . . . . . . . . .25 

Repairs . . . . . . . . . . . . . . .r3 

Total o.6r 

If succes had not been attained Liverpool could not possibly have 
kept her trade, which in rgo8 amounted to r8,rrr,8r4 tons. Nothing 
succeeds like success, but those outside hardly reali e the intense anxiety 
a bar of sand eau ed the members and engineer of the .Mersey Docks 
and Harbour Board. 

To my mind there are a few points o( similarity between the River 
Mersey and the River wan: both have a bottle neck at the mouth 
and broaden out jn their upper reaches, but the I iver wan, to my 
mind, is unique among both the natural and artificial harbour of the 
world in having no maintenance dredging to do, and the late Mr. C. Y. 
O'Connor will never have a more fitting memorial than the Fremantle 
Harbour. 

In carrying out works ther are certain incidents which tand o~t 
and photograph themselves on your mind with an indelible mark­
perhaps the following may be of interest. 

Whilst the author wa constructing the Brun wick Dock Extension, 
Liverpool (lantern lides o( which have been shown to you), it was 
necessary to re-shore a dam on to a new wall which had been previously 
built behind th old wall which took the hares of the dam, and then 
remove the old wall. 

The dam in question wa a ingle skin piled dam, driven on a rock 
bottom, with a quantity of clay tipp cl on the outside. 

The shores were ro feet centres apart in plan and so placed vertically 
that each hore had the same load on it. Having dried the dam and 
done all the necessary work behind, it was neces ary to remove the wall, 
as mentioned above. 

Under the most favourable circum tance thi is a disagreeable job 
and consequently the work was delayed until the neap tides came on, 
which gave a less head of water on the dam and, of course, increased 
the factor of safety on the dam. 

Small 4 oz. charges of cheddite were used and fired electrically, 
and during thi operation a large granite tone accidentally went over 
the face of the wall and knocked a tier of shores out from top to bottom. 
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The author saw this happen awl afterwards worked out the following 
figures for intere t. The clear pan of the walings was increased to r9 
feet, each walin~ taking r9.8 tons. ow the breaking weight of a I4 in. x 
14 in. waling for a clear span of r9 feet, with a uniform load, is 48.r4 
tons, therefore the actual factor of afety is 48. I4 

----2-42. 
19.8 

Although this extra load was thrown on the walings, there was nO 
1~erceptible creeping of the dam, but if this work had been done on a 
spring tide the result would have been a disaster. In this class of work 
minimise your risks as much as i possible, and alway try and see what 
contingencies may arise and accordingly provide for them beforehand. 

The Brunswick Dock Exten ion, r ferred to above, was" Construction 
and De truction " in its true sense, and the scheme was briefly as follows: 
the removal of the two Brunswick Graving Docks, the Union Dock with 
it two passage , and the constructin g of new walls, new roo foot passage 
with double track hydraulic swing bridge, sheds, railway sidings, etc. 

The two graving docks were built in the year 1831 and were splendid 
examples of early dock engineering. The nion Dock was built in the 
year I 88 and the work was done in the early days of "concrete," and 
con equently the engineers, not knov.:ing as much as is now known about 
concrete, had wisely erred on the safe side as regard the quantity of 
cement used. 

To the author's mind, it is a d batable point on the policy to be 
adopted in dock and harbour construction whether your work has to 
be of such a character as to la t for all time or to adopt the policy of 
" temporary " and renew your wharves every five or more years. 

The policy of " permanency " has its drawbacks, and the recent 
in r ase in the size of vessel has made obsolete costly dock and harbour 
undertakings, and nece sitat d exp nsive enterprises wherever those 
ves 1 have gone, but it has been demon trated that the paying boat 
i the large steam r, and it is only a question of time before " Maure­
tanias'" and "Lu itanias'" make Fremantle the first point of call on 
their voyage to Australia. "Time is money," and as Australia increa 
in wealth, "business and importance, that fact will be realised, and public 
opinion, jf nothing else, will demand a more rapid means of communication 
with the Old Country. 

If the policy of " temporary " is adopted, trade must not be dis­
located or hampered during renewals, as it has a disagreeable way of 
eeking " pastures new " and to overcome that di location your port 

must te larger than is necessary for present requirements, which means 
that some works are not remunerati:ve. 
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This is a question that will have to be faced in the immediate future 
in Australasia, and without doubt it will be satisfactorily settled. 

Now as regards "Destruction," the author purposes to describe 
one of the large submarine blasts, lantern slides of which have already 
been shown to the meeting. 

ituated as we were, with valuable ships, property and human 
beings all round, the greatest care had to be exercised. When working 
in the dry, " time fuse " wa first of all used, but owing to some " shots " 
doing more than was expected of them, and consequently the next shot 
having les to do, the result being that a fragment of masonry would 
fly and possibly do some damage to life and property. A good deal of 
experimental work having been done, electrical firing was adopted, and 
the author gives a few details as it may be of interest. 

In the firing of 7,700 low t nsion detonators, only six miss-fire were 
detected, and at the very least a saving of 30 per cent. was effected in 
explosive used as compared with fuse firing. 

TESTING DETONATOR 

A large number of tests were carried out with both high and low 
tension detonators under working ·conditions. Possibly they may not 
suit a scientist, but being carried out under conditi ons similar to those 
encountered in actual working, they may possibly be a help to engineer 
working under similar conditions. 

TEST ON " o. 6 CuRTJS AND HARVEY" Low TE NSION D ETONATORS 

The resistance of 6oo feet of jjr6 .W.G. cable .21 ohm . 

44 rjr6 .ro 

The recorded volts and amperes required to explode r detonator, 
and from which the resistance has been calculated, are as follovvs :-

Volts. Amps. l~esi s tance by alcul ation. 
.8 ....... . .. ·3 0 0 0 0 0 0 0 0 0 0 2.66 
·75 • • • • • • • • • 0 ·3 . .. . 0 0 • 0 • • 2.5. 
·7 • • • • • • • 0 0 0 ·35 . . .... 0 •• • 2.0 
·7-+ • • • • • • • • 0 • ·35 .. . . 0. 0 0 0 0 2.1 
. 8 •• 0 •• 0 •••• -4 ••••••• 0. 0 2.0 
. 8r • 0 •••• •••• ·4 • 0 •• 0 ••• 0 • 2.02' 

4.60 .......... 2.10 • 0 0 0 ...... I3.28 

Average 0. ·76 . . . . . . . . . . ·35 ••• 0 ••• 0 •• 2.21 
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Total resistance of 250 detonators arranged in ro groups of 2I and 
two groups of 20 detonators each :- . 

2.2I 
Resistance of 2r detonators in parallel --

2I 

" 

" " 

.. 

" 

44 feet of wire as above 

TO groups each having 2r 
jetonators in parallel .20 

IO 
2I 

20 detonators in parallel 2.2I 

20 
44 feet of wire as above 

2 groups of 20 detonators 
each .......... . ..... 2r 

2 
Total resistance .02 x .ro 

= .ro ohms. 

= .IO 

.20 .. 
= .02 

= .II 

.IO 

.2r ohms. 

= .ro 

---- = .OI7 ohms . 
. 02 + .IO 

detonator .017 ohms. 
mains .2r 

Therefore total re istance of detonators and mains= .227 ohms. 

By experiment the average current required to explode r detonator 
wa ·35 amps., from vvhich it will be seen that to explode 200 detonators 
111 parallel will require 70 amperes. 

Then E=C x R 
70 X .27 
rg.2o volts. 

From expenence it wa clear that in order to explode in practice 
200 detonator., considerable more voltage was required; accordingly, 
250 detonator were coupled up in r2 groups in parallel ro groups each 
having 2r detonators and 2 groups each having 20 detonators. The 
cables were connected with an ammeter and also with a voltmeter. 

The dynamo was tarted slowly with a gradually increasin5 peed, 
until the detonators exploded, with the result that 200 detonators ex­
ploded with 25 volts pressure and a current of 70 amperes was recorded. 
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The difference between the actual and calculated resistances is 
probably due to the variation in resistance between the individual de­
tonators, which in some cases was as much as .6 ohms., as is seen from 
the above table. 

Whilst the foregoing is useful inbrmation as to the actual volts 
and amperes required, in order to ensure absolute certainty of no misfires 
due to the inequality of the resistance of the platinum wire in the re­
spective detonators, it has been found advisable to apply 230 volts pressure 
direct, by means of an ordinary switch, for blasts of any magnitude. 

TESTS o • " No. 6 CuRTIS AND HARVEY" HIGH TENsro , DETONATORS. 

A large number of these detonators were tested, with the following 
results:-

Average pressure to explode I detonator=47 volts. 
Resistance of I detonator, I,ooo;ooo ohms. 
Therefore current in amperes required to explode I detonator, 

47 
----=.000047 amperes. 
I,OOO,OOO 

From the above data, and from practical working with a magneto 
machine, it was very clearly demonstrated from the point of view of 
misfires that high tension detonators are unsatisfactory. It is unsafe 
to pass a low current through, and test before firing with a galvanometer ; 
so that there is far too much uncertainty, and accordingly high tension 
detonators were never ust d. 

From the lantern slides, which clearly demonstrate the results and 
the destructive energy of the explosion, it can be seen that succe s can 
be obtained by electric firing. lt must also be un e,stood that extreme 
care is r quired-the premature exploding of a mine may very easily 
cause the loss of a number of lives, specially where numbers f men 
are working in a comparatively small area. 

The following written instructions were given to foremen and powder­
men, and as possibly they may be of use to others doing similar work, 
the author gives them in d tail:-

BLASTING BY MEANS OF ELECTRICITY. 

(I) The switch has always to be turne 1 to " ofl " ;. the key must 
never be left on the switchboard. 

(z) When the time has arrived, the head powderman will give 
the signal for the horns to be blown and all workmen in the vicinity 
will move to safety. 
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(3) The main cable under no consideration may be left connect d 
to the explosives. 

(4) The powderman sta.nding by the explo ive , llaving a certtined 
that everyone is clear, will connect the shunt cables on to the main cable, 
and then walk t o the powderman at the firing switch ; the switch pJwcler­
man will ay, " Are you ready ? " and the reply will be (provided all is 
clear) " Fire." 

(5) When blasting has to be.done in several places, workmen must 
be kept safe from all places, so that if by any chance any mistake is 
made in firing the wrong charge, no harm is clone in any way. 

(6) In the event of a short circuit, the witch must b turned of-£, 
as shown by the arrow, and the key removed. The cable must be dis­
connected at the switch and at the shunt cables. The hort circuit 
can then be searched for. 

(7) In the event of any powdermen being absent, due to sickness 
or otherwise, no blasting may be done until the day or night foreman has 
been told; the foreman will make temporary arrangement and inform 
the Engineer-in-Charge. 

(8) After the blast the horns will continue to blow until the powder­
men have examined the place blasted, and reported that all i sati factory. 

(9) These instructions must be trictly carri ed out. 

The instructions were made as simple a jpos ible, the object being 
to place the responsibility and authority in as few hand as po sible. 
In a very short time blasting operations were carried out by the men 
like soldiers at drill. 

ELECTRIC FIRING. 

1he main cable was 7/ r6 .W.G., the shunt cables being 3/20 
and o. 6 Curti and Harvey Low Tension detonators were used. 
firing, the circuit was always tested with a galvanom ter, all 
being always connected up in parallel. 

.\V. G., 
Before 

charge 

If blasting of any magnitud has to be clone, it is advi able to run 
a small dynamo, and use low tension detonators. 

UBMARINE BLASTING. 

The removal of pier heads and entrances to the graving docks re­
solved its lf into a sor lid que tion of pounds, shillings and pence. A 
very brief glance demonstrates that to remove them und r cover of 
dams is out of the question, on account of the prohibitive cost. It was 
decided to remove the pier head down t 14 f et above O.D .. . level, 
alving ail the valuable granite quoins, coping, etc., and th n to blast 

efiectiv ly all the remaining ma onry wilh cl ep holes and heavy charges. 
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pace forbids dealing with this in detail, so it is intended to deal with 
it only_briefiy. 

A. very clear view of this drilling on the island, between the Union 
Dock and th East Graving Dock, showing the entire system of four 
large F. 24 Ingersoll-Rand drills working with both reheaters, was shown 
on a lantern slide. 

The material to be removed consisted of an island with a granite 
km and concrete bacKing. Holes were first drilled in the granite skin, 

in a diamond pattern, r8 in. from the face and 2 ft. apart and 20 ft. deep. 
These were tilled almost to the top with cneddite in zinc watertight 
canisters with chcLr6 es of IO and 5 lbs. weight. The inside diameter of 
the cani ters was 2 in., the overall diameter was z± in., and the length 
of the IO lb. canisters was 7 ft. Taking a fair average, tnere were I7 lbs. 
of cheddit.:: in each hole,but a good decll depended on the material and 
the work to be done. In the granite caisson check, in which there were 
granite ·tones up to IO tons weight, three zo ft. holes were drilled, and 
75 lbs. of cheddite put in, or 25 lbs. of cheddite per hole. The " nature " 
ol this granite was destroyed by the blast, and it was very like shortbread. 

After having bla ted round the periphery, and dealt with the granite 
smk, at the same time reducing the area, preparations were made to blow 
the remaining portion of the island in one large final blast. 

The area of the island was 640 sq. ft. 66 holes were drilled 20 ft . 
deep, and I,I35 lbs. of cheddite were put in, which gave slightly over 
I7 lbs. of cheddite per hole ; the number of detonated charges was I67. 
All holes were filled up with cement grout, which confined the gases and 
added considerably to the effective force of the cheddite. 

There was a mat of 3 ft. of water on the top of the masonry at the 
time of the explosion. 

lt must be understood that the object was to destroy and smash up 
the masonry, so that a bucket dredger would have no difficulty in dealing 
with the old masonry pier heads at a later date. 

Tlus blast (see lantern slides) was most successful, no damage being 
done in any way and no concussion . to the walls or to shipping in the 
dock ; at a distance of 200 it. from the blast no vibration could be felt. 
In tlus blast, I lb. of cheddite was required to destroy I ton of masonry. · 

From experience gained, it is the author's opinion that the amount 
of explosives used has nothing to do with the vibration or the wrecking 
of surrounding property provided the amou"t of explo ive is distributed 
throughout the area to be blasted, and the holes are so centred that only 
sufficient explosive is put in to wreck that,..arecl. Only experience can 
determine the amount of explosive to use, as there are so manv factor 

~ s 
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to take into account, such as the material, quality and ize of material, 
condition of mortar in the joints, etc. Also, it i mo t important to 
remember that an island is requisite, as if the wall is backed up by earth, 
any superfluous energy will be tran mitted through it to surrounding 
property. 

In the wiring of these submarine blasts, it is absolutely nece sary 
that the insulation should be perfect. At the junction of all the groups 
of detonator wires on to the auxiliary cables, the joints were taped and 
coated with Chatterton's ompound and finally put into small wooden 
boxes, 5 in. x 4 in., without lids and run in with pitch. 

A very large number of big bla ts were carried out, and 1t speak well 
for the foremen and powdermen that all were brought to a successful 
issue. There is a good deal of anxiety connected with them, as in the 
event of a failure it is a very serious matter indeed, as the problem would 
be how to deal with half a ton of a high explosive, all detonated, dis­
tributed over an area and grouted in. However, " it is no use cro ing 
your bridges until you meet them," and it is the author's desire neYer 
to have to cro s that bridge. 

The old masonry removed by dredging worked out at 4 tons of 
ma onry blasted for each one pound of cheddite. 

During the whole o[ these blasting operations a total of 15 ton of 
explo ives were safely handled, and in 27 w eks' work a total of 63.420 
lineal feet (almost 12 mil s) of hol s was drilled in old masonry, b ing a 
little under an average of hal[ a mile a ·w ek, the b st week' work having 
been 5,041 lineal feet, and the most done with one drill by two men in a 
day of ro hours being 7 hole 24 feet d ep, representing a total length 
of r68 feet of hole drilled. 

DISCUSS IO N. 

His Exc Jl ncy the Governor of Western ,\ uslralia, SrR Gr::RALD 
STRICJ\LA ND, said that there was no doubt that there were point of 
similarity betwe n th estuaries of the River :\Ier ey and th ·wan J{i\' r 
And this fact made him fe l that th y were forutnale in having amongst 
lhem, in Mr. Ram botham, an engineer whos e:q cri nee ha 1 b 11 

gathered on the Mersey and who e next achi vement · w r to b on lhc 
estuary of the Swan l{iver. There was, he thought, nothing more noble 
or more fascinating than facing the problems of ature, and, without 
humbug or equivocation, meeting the laws of 1\ature fairly and squar ly. 
During his official career h had had frequently to attend to administrative 
engineering matters. He said that in building a dock at Fremantle. 
lessons could and should 1 e taken from other hipping dock ports- lessons 
in regard to th need of making space provision not only for present-day 
ships, but. for the larger ships of the futur . The size oi mod rn steam-



72 DISCUSSION ON DOCKS, THEIR CONSTRUCTION AND DESTRUCTION. 

ships was growing apace, although he considered that growth was not 
unlimited. A limit was being-placed on the growth of steamers by the 
locks of the Panama Canal, these locks being rro ft. in width and I,ooo 
ft. in length. These locks would be able to accommodate vessels up to 
a tonnage of 45,000 tons, and if a vessel were built like a box, even up 
to 65,000 tons. The size of ships was increasing like a thief in the night. 
In his own college days vessels such as the " Servia" and the " City of 
Rome " had been the largest vessels afloat, and yet he firmly believed 
that at any rate half of those present that night would live to see 6s,ooo 
ton ships coming to Australia. Mr. Ramsbotham had told them that 
Fremantle as a port was pre-eminent, but he (the speaker) did no~ think 
that Fremantle was without a 1ival. he had a rival in the port of 
Hobart, which was one of the most magnificent ports in the world , the 
deep-water accommodation there being excellent. Melbourne might get 
depth for steamer berthing, but Sydney never would. The Panama Canal 
was going to bifurcate the trade of the world, and there arose the que tion 
as to which port was the front gate of Australia. ydney was not, but 
Fremantle vvas. Fremantle realised the position only about twelve years 
ago; the combined brains of the late C. Y. O'Connor, Sir vVinthrop 
Hackett, and Sir John Forrest had provided a harbour at Fremantle, 
which at the time was considered extravagantly large and unreasonably 
e-xpensive. Already the harbour was becoming too small for the traffic , 
and he verily believed that if in a period of a few years we were unprepared 
to receive, within zo miles of Perth, ships of 6o,ooo tons, Fremantle 
would not be the " front door of Australia." Whether it would be 
Hobart or Melbourne could not be said. It resolved itself into a race of 
brains and finance, and called for " pull ing together." As he had already 
said, there were lessons to be gained from other ports. He cited the 
case of the harbour at Malta, now one of the most beautiful in the world. 
During his term o[ office there a movement was commenced for the 
transference of the vessels of the British fleet from Malta to Gibraltar, 
due to the then insufficient accommodation of the harbour. ~ teps had 
been taken in time to prevent the exJinction of Malta a a port of any 
importance, and to-day they had a fine harbour and incomparable 
dockyards there. He would like tl1e people of V,'estern Australia, and 
especially the engineers of We tern A u tralia, to deal with their harbour 
problem years in advance ·and so prev nt Fremantl running the risk of 
not even gaining first or even second place. In conclusion, Sir Gerald 
expressed keen appreciation of Mr. Ramsbotham's paper. 

MR. ]. F. RAMSBOTHAM in reply said :-I have to thank His Ex­
cellency the Governor, Sir Gerald trickland. K .C.M.G., our President, 
and the Members of the Western Australian Institution of Envineers, 
for the very kind reception my paper has received . Sir Gerald Strickland's 
remarks .. on the opening of the discussion leave much thought for the 
thinking man, and he conveys an impression that these are times when-



U ISCUSS IO!\ ON DO I< S, TH E IR CON TH CTI ON AND DE THUCTION. 73 

great care must be exercised in the development of all Au tralian ports. 
On being a ppointed to my pre. ent po~ition , I requested the Agent-General 
to write to all shipowners trading in the Southern H emisphere, asking 
them to forecas t their building programmes ; t hey one and all ad vised 
the Agent-General that the ships of the future "vould materially increase. 
This being so, Sir Gerald t rickland 's remarks are all the more pertinen t , 
and to my mind tl1e time is ripe fo r serious co nsideration a nd provi ion 
fo r t he future : the e provi ions are not to be lightly considered, as 
t hey will affect all the main ports of Australasia. Time after time t h 
:vl:ersey Docks a nd H arbour Board have completed large and co t ly 
schem s, and yet their hand has been fo rced to und rtake new works by 
in crea ing trade, competition, and the increased size of steamers. At 
the pr sent time every port in Sout h America is spending many million 
on equipment and increa eel size and depth of harbours. To my mi nd 
that is the key to th e whol matter. J f Australasia is going to develop, 
as assuredly she is destined to, the whole problem of docks, equipment, 
depth of harbours, must be dealt with in no parsimon ious spirit, and , 
what is more, ·ettled in the very near future. Otherwise her great rivals 
will outstrip h r in the great race of production of raw materials, and 
a check once administered is very hard to rectify . H arbour undertakings 
are essentialJ y expensive, but they are a flea-bite compared with the 
check a !minis tered to a continent by tho e who hold the destiny of her 
fut ure in their hand. . As regards t he P anama Canal, the size of lock 
rro fee t wide and I ,ooo feet long does not strike one as at all excessi ve, 
a nd I look forward to t he day when they will be ob ol te. 1 n reply to 
t he President on the pel·centage of sand pumped , the record a t Liverpool 
is about 40 per cent., the average being for good free coar e and about 
~o per cent. In reply t o Mr. Shields , my experience in dealing with mud 
has not been in raising it , but in getting the mud to settle afte r havin 
been raised , the same applying to fine sand. In reply to l\1r. H ayne , 
I invite him t o come over and see the Fremantle Grav ing Dock, a a 
personal v isit will more readily answer his questions. 
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GARDAM ON STEAM TURBINES- SHEET z. 

Reaction. Compounded Velocity. Compounded Pressure. 

Fig. I.-T)'pes of Blading. 



Fig. 2.-Section through Single flow re-action type Turbine. 

Fig. 3.-Section th rough Double flow re-action type Turbine, with high pressure impulse portion. 

GARDAM ON STEAM TURBINE- SHEET 2. 

Eig. 4.-Section through Westinghouse Impulse type mixed -pressure Turbine. 
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